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ABSTRACT 


VThe  evaluation  of  dost  potential  in  hot  deserts  is  based  on  the  association  of  well  de¬ 
fined  dust  bearing  soils  and  surficial  deposits  with  specific  landforms.  These  landforms  are 
{eadily  identified  on  airphotos  (and  in  many  cases  on  topograidiic  maps  and  space  im¬ 
agery).  The  user  may  follow  a  sequence  of  operations,  from  the  selection  of  a  target  area 
through  the  indetification  of  relevant  landforms  and  associated  soils/snrficial  deposits,  to 
the  evaluation  of  the  content,  composition  and  distribution  of  dust  in  these  media.  The 
accompanying  report  is  essential  for  the  proper  use  of  this  procedure. 
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OBJECTIVES 


Tke  mtln  objective  of  the  present  procedure  it  to  present  n  method  of  chsrscterisstion  of 
diit  at  the  surface,  considering: 

(a)  Amounts  in  different  types  of  terrains. 

(b)  Vertical  and  lateral  distribution. 

(c)  Particle  sire  and  mineralogical  composition. 

A  secondary  objective  it  to  evaiuate  the  general  nature  of  ground  cover  and  its  possible 
effectiveness  as  a  protective  crust  against  the  entrainment  of  dust. 


1.  INTRODUCTION 

Dust  it  here  defined  as  material  composed  of  particles  smaller  than  0.063  mm  in  diameter. 
Dust  in  deserts  (in  both  surficial  deposits  and  the  atmosphere)  it  usually  composed  of  silt 
(0.063  -  0.002  mm)  with  minor  amounts  of  clay  (<0.002  mm)  and  fine  sand  (0.125  -  0.063  mm). 

Dust  in  deserts  is  derived  mainly  from  tke  following  sources  :  (a)  Products  of  in-situ 
rock  weathering;  (b)  Alluvial  and  colluvial  deposits;  (c)  Soils;  (d)  Eolian  sediments  -  loess  and 
sand;  (e)  Other  deposits  such  as  playa  and  lacustrine  sediments.  Dust  is  a  'recycled*  material; 
it  is  eroded  or  defiated  from  a  site  only  to  be  deposited  in  another  area  where  it  may  be  trapped 
for  any  period  of  time. 

The  emission  of  dust  is  dependent  on  its  availability  at  or  near  the  surface,  the  type  and 
effectiveness  of  the  ground  cover,  cohesion  of  the  potential  dust  layer,  and  the  power  of  the 
driving  agent  (e.g.  wind,  man,  machinery,  explosives). 

2.  GENERAL  PRINCIPLES 

Since  dust  in  most  sites  is  an  Introduced  material,  its  amounts,  composition,  and  distribu* 
tion  should  be  related  to  the  nature  of  the  receptive  surface,  with  respect  to  its  texture,  rough* 
ness,  porosity,  gradient,  aspect,  and  vegetative  cover.  A  soil  emerges  from  a  pre-existing  parent 
material,  its  weathering  products  and  the  Introduced  dust,  ^^%ll  defined  soli  and  surficial  depo¬ 
sits  are  thus  closely  related  to  discrete  landforms. 

The  following,  then,  are  several  related  principles  and  generalisations: 

(a)  Each  type  of  soil  or  surficial  deposit  is  associated  with  a  narrow  range  of  landforms. 

(b)  The  nature  of  landforms  and  soils  (or  deposists)  Is  determined  or  highly  affected  by 
climate. 

(c)  Certain  landforms  and  soils  are  associated  with  well  defined  types  of  bedrock  or 
psrent  tnaterlal. 

(d)  Landforms  and  soils  change  with  time  in  a  predictable  manner.  Fbr  example,  more 
dust  and  or  salts  are  added  to  the  soli  profile  with  time  and  their  distribution  Is  time- 
dependent. 
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(e)  Certain  tjrpr^  of  gronud  corer  are  aseociated  with  giren  loil  types.  Such  covers  vary 
with  parent  material  and  climate,  and  they  change  with  time  in  a  predictabie  manner. 

(f)  One  can  snbdivids  desert  soils  and  deposits  into  two  general  groups  according  to  the 
parent  materiai:  (1)  Gravelly  soils  and  deposits.  (2)  Non-graveily  soils  and  deposits.  The  form¬ 
er  contain  a  high  proportion  of  gravel  with  variable  amounts  of  dust  and  sand  whereas  the 
latter  consists  mainly  of  dust  and/or  sand. 

(g)  On  certain  landforms  there  is  an  orderly  arrangement  -  sonation  -  of  the  soils  and/or 
deposits,  according  to  their  association  with  landform  components,  location,  gradient  and  as¬ 
pect. 

1.  THE  STRUCTURE  OF  THE  PROCEDURE 

The  present  procedure  is  based  on  two  concepts: 

(a)  The  characteristics  of  soils  and  deposits  are  closely  associated  with  the  landforms 
they  are  overlying  or  are  derived  from  (see  Appendix  4). 

(b)  Most  landforms  can  be  easily  identified,  using  readily  available  airphotos. 

Figure  1  provides  a  stepwise  strategy  for  the  evaluation  of  dust  availability  in  deserts.  The 
procedure  consists  of  four  general  stages: 

A.  General  Considerations;  Definition  and  selection  of  target  areas,  assessment  of 
their  overall  physiography  and  at  the  same  time  evaluation  of  dust  tolerance  for  the  intended 
operations  in  the  selected  target  sites.  These  considerations  and  assessments  are  outside  the 
scope  of  the  present  procedure  and  the  accompanying  report. 

B.  Seieetion/Identlfleation  of  Relevant  Landforms  In  the  Target  Areas.  The  use 
of  airphotos  of  1:10,000  -  1:30,000  is  most  desirable  for  identification/selection  of  the  preferred 
landforms.  Definite  identification  of  landforms  is  essential  for  the  assessment  of  the  types  of 
soils  and  deposits  associated  with  them.  Geologic,  climatic  and  soil  maps  and  data  should  be 
compiled  while  stage  A  (above)  is  carried  out.  The  identification  of  the  types  of  soils/deposits 
should  be  performed  with  extreme  care;  a  thorough  use  of  table  1,  Appendix  1  (Plates)  and 
Appendix  3  (Glossary)  should  be  made. 

C.  Evaluation  of  Dust  Availability,  Distribution  and  Characterisation  in  the 
Various  Types  of  Soils  and  Deposits.  This  is  based  on  the  data  in  table  2.  Fbur  topics  are 
considered: 

(1)  Ground  cover . 

(2)  Dust  —  amounts,  sise  distribution,  composition,  vertical  distribution  and  variability. 

(3)  Saits  —  amounts,  composition,  distribution  and  variability. 

(4)  Gravel  —  amounts  and  vertical  distribution. 

Special  attention  should  be  given  to  the  high  variability  in  the  data  presented  in  table  2. 
The  large  range  of  the  data  is  explained  in  Appendix  S. 
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IVAIUAIION  Of  DUST  SILICTION  OF  lANDIORMS. 
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D.  SuHabllltjr  of  Target  Areas.  A  comparison  of  tolerance  for  dust  (A,  abore)  with 
dust  arailability  and  characteristics  (C,  shore)  majr  determine  the  svitabilitjr  of  a  site  for 
specific  types  of  (^ration,  or  the  ntilisstion  of  particular  areas  by  certain  instruments  or 
rehicles.  Suitability  of  a  site  for  an  operation  may  inrolre  the  ground  corer,  i.e.,  the  number  of 
runs  that  a  rehicle  or  an  aircraft  may  perform  orer  a  stretch  of  ground  until  its  protectire  corer 
is  destroyed. 

4.  DESERT  LANDFORMS  AND  ASSOCIATES  SOILS  AND  DEPOSITS 

4.1  The  Asaoelstlon  Between  Lsndforms,  Soils  snd  Deposits. 

A  subdirision  of  desert  landscapes  into  landforms  which  are  identifiable  on  areal  photo¬ 
graphs  and  large  scale  maps  is  the  basis  of  table  1.  The  widespread  terrain  types  in  deserts  are 
represented. 

Twelre  types  of  major  landforms  are  presented  in  table  1.  Further  subdirision  leads  to  a 
total  of  twenty  landform  types  identifiable  on  airphotos.  For  the  recognition  and  definition  of 
the  rarious  types  of  landforms  the  reader  is  referred  to  Plates  no.  1  -  9  in  Appendix  1  and  the 
Glossary  in  Appendix  3. 

The  last  column  of  table  1  indicates  the  types  of  soils  and  depostis  which  are  associated 
with  the  rarious  landforms.  The  soils/deposits  ate  described  below,  in  section  4.2. 

4.2  Evaluation  of  Dust  Availability’  In  Desert  Soils  and  Surficlal  Deposits. 

Table  2  summarises  in  quantitatire  terms  the  characteristics  of  the  dust  and  the  dust- 
related  properties  in  desert  soils  and  deposits.  The  data  base  for  this  summary  is  derived  from 
the  soils  and  deposits  of  the  Neger,  Sinai,  Judean  Desert  and  the  Jordan  Valley  (see  Appendix 
G.3  in  the  accompanying  report). 

Notes  on  TsMs 't  PtystograpNc  IJNts,  Landforms  and  Associated  Soits/Surficial  Deposits. 

The  tabie  relates  soil  types  and  surficlal  deposits  to  the  various  landscape  features  (physiografic 
units  or  larxfforms)  that  are  wldespiead  In  deserts.  Table  1 1s  foltowed  by  table  2  which  characterizes 
soils  by  their  dust  attrlbiMs  and  some  other  proporties.  such  as  gravel  and  salt  content 

The  subdivision  of  landscape  selected  here  erables  the  uset  to  separate  landscape  features  ac¬ 
cording  to  two  categories; 

t  Landforms  that  have  a  dear  signature  on  regularly  used  visual  aids. 

2.  Landforms  that  carry  soils  that  may  be  easily  Identified  and  are  different  from  each  other. 

An  of  the  widespread  desert  landforms  are  Included.  The  general  order  of  the  landforms  in  the 
table  reflects  the  abundance  of  dust  In  the  soil  and  to  a  certain  degree  takes  Into  account  the  frequerv 
cy  of  occurrence  of  the  lartOfOrms  in  desert  terrains.  Since  we  codd  dosely  examine  Mid-Eastern  son 
only  In  the  Negev  and  the  Smal,  the  data  reflect  desert  terrains  In  these  regl^;  they  are,  however,  vary 
almilar  to  other  desert  terrains  m  the  Middle  East 

Many  technical  terms  are  used  in  table  L  Their  meaning  is  preserved  In  the  Glossary  (Appendix  3). 
Relief  types  are  subdivided  No  three  groups; 

1  MountaInK  relief  >  200m;  gradlenis  >  20*’. 

2.  HIHs;  rsNerof  20-200m;  gra(Mnls>15*>. 
a  PWne;  relief  <  20m;  gradlenis  usually  <  10**. 
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Sourc*  and  parent  materials  of  different  hardness,  \Matherabillty  and  erodibility  may  determine 
soil  nature.  Hard,  durable  rocks,  such  as  ddomlte,  flint,  syenite  and  dkxlte,  usually  wnathar  Into  gravel, 
which  harbours  dust  and  salts  from  external  sources  (windbome  and  washecMi  by  tMtsr).  Soft,  friable 
rocks  such  as  shales,  chalks  sandstortes  and  mudstones  weather  down  to  sand  and  firwr  fractions, 
rr^xed  with  external  dust  and  salts. 

The  climate  In  hot  arid  environments  is  here  subdivided  into  four  regimes,  according  to  mean  annual 
precipitation: 

t  Semi-arld  -  250-400  mm/ysar, 

2.  Moderately  arid  - 150-250  mm/year, 

3.  Arid  -  80-150  mm/year, 

4.  Extremely  arid  -  <  80  mm/year. 

The  types  of  soils  and  surfidal  deposits  on  a  given  larxJform  are  listed  In  decreasing  order  of 
frequency  on  the  particUar  landform. 

Notes  on  Table  2:  Soils  Type  and  Surfidal  Deposits  in  Deserts 

(note  numbers  are  marked  at  the  head  of  the  appropriate  columns) 

(1)  Thera  is  no  single  principle  which  can  guide  an  objective  grading  of  desert  soils  according  to 
their  dust  content,  composition  and  distribution.  Therefore,  the  types  of  soils  and  sixficial  deposits  are 
organized  according  to  the  following  guidelines: 

-  (a)  The  abundance  of  dust  In  the  soil  profile,  maximal  in  loessial  and  Takyr  soils,  and  minimal 
In  active  sand  dunes  and  coarse  gravelly  dluvium. 

(b)  The  association  of  the  soil  (or  deposit)  with  a  particular  type  of  landforra 

(c)  The  age  of  the  soil,  within  a  given  soil  type.  In  most  soils  there  Is  an  increase  of  fine 
fracfions  (indudlng  precipitated  salts)  wlfo  fime. 

A  detailed  description  of  the  main  soil  types  is  presented  In  Appendix  4. 

(2)  Most  soils  In  deserts  develop  a  surfidal  layer  or  crust  rather  rapidly-  Such  a  cover  Is  differert  In 
composition  and  structure  from  the  underlying  layers  or  horizons;  often  the  surfidal  layer  Is  more 
cohesive  and  may  determine  the  degree  of  potential  of  dust  emissioa  Different  ground  covers  are 
presented  In  table  2,  according  to  their  texture,  composition  and  the  percentage  of  areal  coverage. 
The  types  of  cover  are  (see  details  In  Appendix  6): 

(a)  Loess  crust  (dense  and  thin  - 1-3  mm  thick)  on  loessial  soils,  Takyr  sons  and  between 
large  partides  In  gravelly  sons. 

(b)  Salt  and  gypsum  crusts  on  Sdonchak  soils  in  playas  and  sabkhas. 

(c)  Desert  pavement  usually  composed  of  flat  lying  gravel  developed  on  old  gravelly  depo¬ 
sits,  with  >40%  gravel  cover  and  an  Intersfitlal  loess  crust  See  Appendix  3  for  elaboratioa 

(3)  The  thickness  of  the  soil  profiles  and  horizons  is  most  variable  for  many  soils.  The  range  and 
average  Is  not  always  based  on  a  large  number  of  observatiofts  or  measuements  The  data  Include 
sons  of  different  ages,  degrees  of  development  and  aspects.  Hence  the  range  of  data  should  be 
considered  as  wsH  as  the  averages  (see  Appendix  5). 

(4)  The  designation  of  son  horizons  Is  generalized  with  A,  B,  and  C  without  hrther  subdivisioa 
Thto  is  so  tor  the  comparison  of  the  general  characteristics  of  the  horizons  and  Incorporation  of  data 
from  sources  addition^  to  those  coltocted  In  the  present  study.  For  a  detailed  description  and  desig¬ 
nation  of  sub-horizons  see  Appendix  02  In  the  accompanying  report 

(5)  The  laxhnl  subdivlolon  employed  hare  is  as  follows:  (a)  Sand  -  2.0-0.063  mm.  (b)  Silt  - 
0.063-0.002  mm.  (c)  Oay  -  <0.002rraTV  Dust  Is  defined  as  silt  and  day  -  <0.063  mm 

C)  The  dale  represent  eefimatse  m  the  field.  ^  mm  Includes  fine  oertMe.  sand  sHt  and  day.  The 


Hillslope, Escarpment  I  PUin , Piedmont, Plaleau  Plain  .Piedmont 


Table  1:  Physiographic  Units.  Landforms  and  Associated  Soils/Surficial  Deposits. 


Landform 

Landform 

Relief 

Sotvce/Parem  Material 

Climate 

Soil  Type;  Type  of  Surficial  Deposit 

Component 

Tyoo 

Loess  Plain 

Plain 

Loess 

Semi-arid  to 
Moderately  Arid 

Loess,  Loessial  Soil 

Plays,  i^bkha 

*• 

C 

o 

8 

•X3 

Center 

Transition 

Plain 

Fme  Alluvium 

Arid  to  Extremely 
Arid 

Takyr  Soil,  Solonchak  Soil 

£ 

Zone 

S'cidy  to  Fine  Alluvium 

Solonchak  SoUTakyr  Soil 

.S 

!5 

Margin 

Gravelly  to  Sandy 

AlHjvtiim 

Reg  Soil,  Solonchak  Soil 

Sand  Dune 

Hill, 

Sand 

Plain 

a.  Stabilized  Dune 

Semi  Arid  to  Arid 

Sandy  Ragosol 

b.  Active  Dune 

Arid  to  Extremely 

Eolian  Sand 

Arid 

Terrace 

a.  Alluvial  Terrace 

Terrace 

Plain 

Coarse  Alluvium 

Arid  to  Extremely 

Reg  Soil 

Tread 

Arid 

Loess 

SenS-arld  to 
Moderately  Arid 

Loess,  Loessial  Soil 

b.  Alluvial  Fan 

Sand 

Semkarid  to 

Extemely  Arid 

Alluvial  Sand,  Sandy  Ragosol 

Terraco 

Plain 

Coarse  Alluvium 

Arid  to  Extremely 

Reg  Soil,  (Vavelly  Regosoi 

Terrace 

Tread 

Arid 

(on  sieve  deposits) 

c.  Transition: 

Hill, 

Coarse  Colluvium/ 

Arid  to  Extremely 

Reg  Soil,  Gravelly  Regosoi 

g  Talus-Alluvial 

S  Terraco 

Plain 

Alluvium 

Arid 

je  d.  Baliena 

Hill, 

Coarse  Alluvium 

Arid  to  Extremely 

Cuarse  Desert  Alluvium,  incipient 

a* 

Plain 

Arid 

Reg  Soil 

—  0.  Rockcur  Terrace 

Terrace 

Plain 

Hard/Soft  Bedrock 

Arid  to  Extremely 

Uammada,  Lithosol 

o 

..s 

Tread 

Arid 

1  Fan 

.  a.  Alluvial  Fan 

Plain 

Coarse  Alluvium 

Arid  to  Extremely 

Coarse  Desert  Alluvium,  Incipient 

.5 

Arid 

Reg  Soil 

Coarse  and/or  Fne 

Arid  to  Extremely 

eg..  Brown  Alluvial  SoiL 

Aiiuvun 

Arid 

Alluvial  (3iey 

b.  Debris  Flow  Fan 

Plan 

Debris  Flow  Deposits 

Moderately  Arid  to 

Debris  Flow  OeposiL  Sieve  Deposit. 

Extremely  Arid 

Gravelly  Regosoi 

Active  Channel 

Plain 

Coarse  and/or  Foe 

Semkarid  to 

Gravel,  Sand,  SilL  Clay,  in  Varying 

and/or  Floodplain 

Alluvium 

Extremely  Arid 

Proportions:  Coarse  Desert  Alluvium, 
Alluvial  Sarxf,  Loess.  Incipient 

Reg  Soil 

Plateau 

Crest 

Plain, 

Hard,  Brittle  Bedrock 

Senvarld  to 

Uammada  Soil,  Uthosol 

Hill 

Extremely  Arid 

Flat 

Plain 

Hard.  Brittle  Bedrock 

Samkarid  to 

bammada  Soli,  Lithosol 

Divide 

Extremely  Arid 

Saddle 

HiR 

Hard  Brittle  or  Soft 

Semkar'id  to 

Uthosol,  Loessial  Serozem, 

Erodibie  Rocks 

Extremely  Arid 

Serozem,  bammada  Soil 

Uidulating  Hills 

Hill 

Soft  Erodibie  Rocks, 

Samkarid  to 

Loessial  Soil,  Dune  Sand,  Alluvial 

Loess.  Sand 

Extremely  Arid 

Sana  Sandy  Regosoi,  Uthosol, 
Serozem  SoA 

«.  Badlands 

HiR 

Soft  Erodibie  Bedrock, 

Samkarid  to 

LithoaoL  Regoeoi,  Loess 

V 

B 

Ot 

M 

(loess,  shale,  mart, 
chalk) 

Extremely  Arid 

Pocky  Hillalope 

Mocmin, 

Hard,  Brittle  Bedrock 

Semkarld  to 

Uthosol  (not  continuous,  often  in 

HIR 

Extremely  Arid 

patches) 

i 

Mocfkaln, 

Soft  Erodibie,  Fflabia 

Samkarid  to 

Uthosol,  RegosoL  Soften  In 

S 

Hill 

Bedrock 

Extremely  Arid 

patches) 

X  colluvial  Hillalope 

Footsiope 

Mountain, 

Hard,  Brittle  and/or 

Samkarid  to 

Loessial  Serozem,  Lithosol 

H'R 

Soft  Erodibla  Rocks 

Extremely  Arid 

Tahie  Hillalope 

Mountain, 

Moderately  Arid  to 

HiR 

Extremely  Arid 

Gravelly  Ragosol,  Rag  Soil 

a.  Debrta  Flow 

Debrta  Flow  Deposits 

TakM 

b.  Sieve  Deposit 

Sieve  Deposits 

(Vaveny  Regosoi,  Reg  Soil 

c.  Rockfafl  Tabs 

RockfaH  Deposits 

Gravelly  RegosoL  Reg  Son 

• 

- 

« 

'  t'  ’ 

TABLE  2  SCHL  TYPES  AND  SURFICIAL  DEPOSITS  IN  DESERTS:  GROUND  COVER 
PRORLE  CHARACTERISTICS  DUST  AND  SALTS 

1 

1  2  3  4 

Soil  T]rp*;T]rp«  ol  Ground  CoT«r  Thleknait  ot  Horizon  Thlcknaii  of 

Surllclnl  Dapoflt  Soli  /  Dapotlt  Horlion 

!  ‘ 

Typ*  ol  AT*ra|*  ran(*  ararnf*  rnnc*  nTarng* 

CoTtr  CoT*r,X  ca  e>  ca  ca 

1 

5 

Slit  ♦  Clay,  X 
ol  tha  <  2an 
rractlon(aTaraga) 

Bln  aaz  ara 

Awaraga  * 
Eatlaatad 

<  2bb,  X 

i 

Soil 

(awar 

Clay 

X 

Loan 

loan  cruft  100 

43-200  131 

A 

6-36 

20 

16 

10 

61 

100 

37.2 

B 

06-132 

114 

36 

02 

66 

100 

44.1 

C 

06-120 

108 

17 

70 

62 

100 

- 

Brown  Loaiflal 

100 

Sull 

fandy  loan 

A 

7-41 

24 

64 

70 

64 

100 

• 

, 

B 

78-104 

88 

61 

72 

68 

100 

- 

C 

103-136 

110 

60 

64 

61 

100 

- 

Light  Brown 

fllty  clay 

166-210  167 

A 

0-28 

14 

30 

80 

46 

100 

- 

Loaatlal  Soil 

loan  cruft  100 

B 

64-80 

67 

20 

87 

61 

100 

- 

( 

C 

116-167 

186 

4 

02 

38 

100 

- 

1  !■ 

Loaailal  Sarozaaa 

loaff  with 

fona  rock 

82-101  87 

A 

1-17 

0 

30 

61 

66 

- 

- 

i 

Iragnantf 

t 

B 

61-87 

74 

60 

01 

76 

- 

- 

t 

i 

C 

02-116 

104 

74 

81 

77 

- 

- 

1 

Bb 

121-166 

143 

71 

78 

76 

• 

- 

1  Takyr  Soil 

loaff  cruft  100 

40-180  80 

A 

1-14 

7 

66 

100 

82 

06-100 

41.2 

B 

18-22 

18 

64 

100 

70 

0  6-100 

68.2 

C 

66 

60 

64 

100 

84 

06-100 

33.6 

Solonchack  Soil 

talt  craft  or 

fallaa  loafflal 

80-140  102 

A 

3-12 

8 

21 

80 

61 

00-100 

3.6 

/fandy  craft  100 

B 

60-102 

86 

80 

01 

00 

60-100 

- 

C 

16-46 

SO 

16 

86 

28 

60-100 

8.4  . 

1 


'ER, 


1  of 

Slit 

♦  ClBjr 

5 

.  X 

AraragB  * 

Soli 

Rinding 

7 

Coaponanta 

CoBBanta 

1 

of  tb«  <  2Ba 

EitlBBtad 

2bb  fraction) 

Fractlon(aT*r<g«} 

'  <  2bb.  X 

ClBjr 

Salta 

CppauB 

X 

Elactrical 

Approx- 

X 

•»g« 

conductlT- 

laata 

Bln 

max 

XT* 

Ity  BBho/cB 

X 

) 

IS 

19 

61 

100 

37.2 

0.6 

0.03 

- 

Parant  aatarlal  -  loan. 

1 

36 

92 

66 

100 

44.1 

1.4 

0.09 

- 

Land  la  naually  cultlratad. 

1 

17 

79 

62 

100 

- 

4.2 

0.26 

- 

Varlabla  friability  of  aniflclal 

t 

54 

70 

64 

100 

- 

0.9 

0.06 

- 

Tha  natural  ragatatlon  la  of 
graaa  atappa  typa. 

B 

61 

72 

68 

100 

0.7 

0.04 

* 

Tha  aoll  contalna  padoganatlc 

0 

59 

64 

61 

100 

- 

0.2 

0.01 

- 

CaCOs 

4 

30 

80 

46 

100 

- 

0.6 

0.04 

- 

7 

20 

87 

61 

100 

- 

0.6 

0.03 

- 

6 

4 

92 

38 

100 

- 

0.8 

0.06 

- 

9 

39 

81 

66 

- 

- 

2.6 

0.16 

0.6 

4 

50 

91 

76 

- 

- 

16.6 

0.98 

2.9 

4 

74 

81 

77 

- 

- 

28.0 

1.76 

8.8 

3 

71 

78 

76 

• 

- 

21.6 

1.36 

6.2 

7 

66 

100 

82 

9  6-100 

41.2 

9.6 

0.6 

0.6 

High  foil  Bolatura  during  at  laaat 
part  of  tha  yaar. 

8 

64 

100 

79 

96-100 

68.2 

34.4 

2.16 

3.2 

Kota  zonatlon  according  to  partlcla 

0 

64 

100 

84 

96-100 

33.6 

31.7 

1.98 

4.0 

flza,  aallnlty  and  ragatatlon. 

A  ralatlToly  high  land  contanti  In 

8 

21 

89 

61 

9  0-100 

3.6 

24.8 

1.66 

4.6 

coaatal  balta  and  In  tarralna  ad)acant 
to  aandatona  azpoauraa 

8 

89 

91 

90 

60-100 

- 

4.1 

0.26 

- 

D 

16 

36 

28 

60-100 

3.4 

60.4 

3.78 

8.0 

TABLE  2  (cont.) 


Soli  Typ»:Typt  ot  Ground  Covar  Thlcknaia  ol  Horizon  Thlcknaii  of  Silt  +  Clay,  X  Araraga 

Surllclal  Dapoilt  Soli  /  Dapoalt  Horlion  ol  tha  <  2bb  EatlBatad 

Fractlon(aTaraga)  <  2bb,  X  Cl 


Typa  ol  Araraga 

r&ng« 

rmng« 

mT8rmg« 

CoTar  CoTar,X 

cm  cm 

cm 

cm 

min 

m&z 

4 

Surllclal  SadlBant 

Coaraa  Alluvlua 

Coaraa  graral 

100 

10-100  67 

A 

- 

- 

- 

12 

- 

tr 

C 

- 

- 

4 

9 

6 

- 

tr 

Rag  Soil .Holoeana 

daaart  pavamant 

46 

36-60  40 

(130*) 

A 

2-6 

3.6 

16 

88 

60 

20 

1 

llUTlal  graral 

42 

B 

3-9 

6.6 

14 

88 

60 

26 

i< 

loaaa  cruat 

10 

C 

14-40 

27.1 

1 

76 

33 

20 

Rag  Soil, 

daaart  paraBent 

84 

60-136  63 

A 

1-6 

4 

14 

64 

49 

40 

Plalitocana 

loaaa  cruat 

16 

B 

10-22 

16 

12 

66 

48 

40 

i: 

1 

C 

30-63 

42 

3 

64 

33 

40 

i| 

Bb 

20-34 

27 

16 

66 

66 

- 

li 

Rag  Soil, 

Tartlarj 

daaart  paTaaant 

97 

16C  160 

loaaa  cruat 

3 

B** 

9-12 

10 

66 

66 

78 

60 

22 

Bb 

100 

100 

CraTalj  Ragoaol 

looaa  graral 

93 

30-166  66 

A 

8-16 

8 

3 

99 

47 

30 

11 

aand  and  loaaa 

7 

B 

2-9 

6 

6 

62 

20 

40 

2 

C 

33-38 

36 

7 

76 

39 

10 

E 

tt  Slit 

♦  Cl»y 

% 

ATarag* 

Soil 

Binding 

Coaponantf 

CoBBanta 

of  tti*  <  2bb 

Estlaatad 

(ararag*  In  tba  < 

2aB  fraction) 

Frictlon(aT«r»gB) 

<  2bb,  % 

Clay 

Salt! 

CypauB 

% 

Elactrlcal 

Approx- 

X 

• 

conduetlT- 

iBata 

Bin 

BAX 

BT« 

Ity  BBho/cB 

% 

- 

- 

12 

- 

tr. 

10.0 

0.6B 

0 

Poor  cohailon.  Low  clay  contant. 
Cood  watar  panatratlon. 

4 

0 

6 

- 

tr. 

21.6 

1.3S 

0.1 

Scattarad  buihai  and  traai. 

15 

BB 

60 

20 

11.2 

8.0 

O.E 

0.6 

Notaa  on  Rag  Solli: 

Highly  grawally  aolli. 

14 

BB 

60 

2S 

14.2 

14.2 

0.80 

2.6 

Uoatly  dawold  of  wagatatlon. 

1 

7B 

33 

20 

4.B 

12.0 

0.7B 

2.1 

14 

B4 

40 

40 

0.8 

10.3 

0.64 

0.0 

fine  top  Boll  nndarnaath  and  batwaan 
Burflclal  covar. 

12 

BB 

4B 

40 

J2.7 

22.7 

1.42 

3.S 

Tha  Boll  iB  BolBt  only  during 

3 

B4 

33 

40 

10.4 

20,7 

1.20 

6.8 

and  aftar  Infraquant  rainfall 
awantB,  uaually  to  dapth  <  20  cb. 

IB 

BB 

ES 

- 

IS. 6 

16.3 

1.02 

30.0 

aHolocana  Rag  BOlla  EO-130  ca  thick 

ara  rathar  rara. 

SB 

BB 

78 

60 

22.0 

17.8 

1.11 

10.0 

aaA  Blngla  proflla;  only  D  horlzona 
wara  BaBplad. 

3 

00 

47 

30 

11.1 

30.7 

1.02 

S.B 

Tha  grawally  Ragoaola  pranantad 
hara  ara  dawalopad  on  Blara 

5 

62 

20 

40 

3.S 

8.0 

0.E6 

1.2 

dapoBltB,  on  taluB  BlopaB. 

7 

78 

30 

10 

S.4 

10.2 

0.64 

3.S 

7 


TABLE  2(=oiit.) 


Soil  T7p*;T]rp*  of  Ground  Corar 

Surfici&l  Dapoait 


Thlcknaaa  of  Horizon  Thicknaat 

Soil  /  Oapofit  Horlfon 


of  Silt  ♦  Clay.  %  Araraga 

of  tha  <  2aa  Eitlaatad 

FractlonCararaga)  <  2a«,  % 


Typa  of  Araraga  ranga  araraga  ranga  araraga 


Corar  Corar.X 

ca 

ca 

ca 

ca 

aln 

aaz 

arc 

Haanada  Soil 

coaraa  angular 
graral 

S8 

30-100 

60 

A 

1-8 

4 

61 

92 

70 

36 

loan  cruit 

14 

B 

8-21 

16 

29 

83 

64 

66 

C 

32-60 

41 

16 

64 

40 

36 

Llthoiol 

rock  fragaanta 

60 

66-100 

40 

A 

0-14 

7 

37 

79 

61 

- 

Sarozaa 

loaaa  t  flna 

60 

B 

16-39 

27 

68 

84 

71 

. 

a  and 

C 

24-40 

32 

60 

82 

71 

- 

Stony  Allurial 

rock  fragaanta 

60 

40-340 

142 

A 

2-18 

10 

39 

86 

64 

- 

Sarozaa 

loaaa  A  flna 

40 

B 

62-78 

86 

27 

63 

78 

- 

a  and 

C 

116-142 

129 

61 

96 

70 

- 

Bb 

118-166 

136 

76 

89 

83 

- 

Alluvial  Sand 

flna  aand 

100 

106-300 

188 

A 

0-36 

17 

16 

29 

22 

100 

8 

44-90 

67 

8 

29 

18 

100 

C 

142-188 

166 

2 

11 

6 

100 

Sandy  Ragoaol 

flna  aand 

100 

40-260 

193 

A 

0-49 

20 

- 

- 

12 

100 

C 

142-188 

166 

9 

16 

13 

100 

Brown  Allurial 

allty  clay 

Soil 

loan  Cruat 

100 

300-260 

121 

A 

2-8 

10 

29 

71 

46 

• 

B 

86-120 

102 

66 

82 

74 

- 

C 

87-121 

104 

10 

86 

42 

- 

Bb 

113-160 

131 

* 

* 

CoB>anti 


t  Silt  ♦  ci»y.  %  AT«r»g«  Soil  Binding  Conponanta 

ol  tha  <  2na  Eitlnatad  (nraraga  in  tha  <  Sun  fraction) 


Fraetlon(aTaraga) 

<  2Ba.  % 

Clay 

Salta 

CypauB 

X 

Elaetrleal 

Approx- 

% 

eondnetlT- 

Inata 

■in 

■ax 

XT* 

Ity  aaho/cB 

% 

81 

92 

70 

36 

12.7 

4.1 

0.20 

0.1 

Highly  grarally  aolla. 

29 

83 

84 

66 

18.6 

22.2 

1.39 

13.1 

Sparaa  ragatatlon,  graaa,  bnahaa. 

18 

84 

40 

36 

18.6 

7.0 

0.44 

4.8 

fraquantly  appaar  in  patehaa,  poekata. 

37 

79 

81 

- 

- 

4.4 

0.28 

- 

8.0 

0.38 

0.8 

68 

84 

71 

• 

4.8 

0.29 

6.4 

80 

82 

71 

• 

39 

86 

84 

- 

- 

18.6 

1.03 

0.1 

27 

83 

78 

- 

- 

10.8 

0.88 

12.1 

61 

96 

70 

- 

- 

26.4 

1.69 

7.2 

78 

89 

83 

- 

- 

6.9 

0.37 

- 

18 

29 

22 

100 

- 

0.4 

0.03 

0 

Poor  eobaalon  of  tha  aoll  and 
tha  aoll  Croat. 

8 

29 

18 

100 

• 

0.3 

0.02 

0 

Good  watar  parcolatlon. 

2 

11 

6 

100 

- 

0.3 

0.02 

0 

- 

- 

12 

100 

- 

0.3 

0.02 

0 

Hlghar  contant  of  flnaa  and  battar 
eobaalon  wbara  xagatatad  (boahaa). 

9 

18 

13 

100 

- 

0.2 

0.01 

0 

29 

71 

48 

- 

- 

13.9 

0.87 

0.2 

Tha  aoll  la  highly  xarlabla  in 
graral  contant,  aallnlty  and  ragatatlon 

86 

82 

74 

- 

- 

28.0 

1.7K 

0.1 

(graaa,  buabaa). 

10 

88 

42 

• 

• 

11.2 

0.70 

- 

Tha  aoll  aay  contain  padoganatlc  CaCOs 

TABLE  3  Soil  Types  and  Surficial  Deposits 


a  Sunonary 


Soli  T7p*:T7p*  ot 
Sarllclkl  Dapoflt 

Ground  CoTtr 

Tppt  of  ATtragt 
CoTtr  CoTtr.X 

Thickiitis  of 
Soil  /  Dopofit 

rftne*  4T«r4s« 

cm  ca 

Horizon 

Tliieknotf  of 

Horlfon 

rang*  aToragt 

ca  ca 

Silt  ♦  Cl»7,  % 
ot  tba  <  Oaa 

alB  atz  nra 

Arartc* 

Ettlaatad 
<  2aa,  S 

Loatflal  Soil 

lottt  erutt  100 

43-210 

120 

A 

3-20 

16 

16 

01 

67 

- 

B 

04-05 

70 

20 

02 

66 

- 

C 

102-133 

118 

4 

02 

63 

- 

Takpr  1  Solonehak 

lottt  1  talt 

Sollt 

erutt  100 

30-1S0 

06 

A 

- 

21 

100 

70 

06-100 

B 

- 

64 

100 

86 

06-100 

C 

- 

18 

100 

74 

06-100 

Surtlelal 

Vtrlablt 

10-240 

06 

A 

3-14 

0 

3 

08 

46 

30 

SadlaoBtt 

B 

8-13 

a 

6 

62 

20 

30 

C 

32-67 

44 

4 

76 

33 

10 

GraT«ll7  Sollt 

dtttre  partatnt  06 

30-160 

64 

A 

1-6 

4 

7 

02 

66 

36 

Rtt  Sollt, Sollt, Llthotoli  (ravtl 

26 

B 

10-21 

16 

2 

68 

63 

40 

lottt  erutt  10 

C 

27-62 

30 

1 

64 

33 

36 

Bb 

83-103 

03 

- 

- 

- 

- 

Sandp  Sollt 

flat  tand  100 

40-300 

100 

A 

0-36 

18 

12 

20 

10 

100 

B 

46-01 

68 

8 

20 

18 

100 

• 

C 

143-100 

166 

2 

16 

7 

100 

10 


( 


silt  *  city.  %  ATcrag*  Soli  Binding  Coapononta  Coeaanti 

ot  th*  <  2bb  EitlaatBd  (tTartg*  in  ths  <  3bb  fraction) 

Fractlon(aTBragB)  <  2bb,  %  Clay  Salti  CypnitB 


■In 

■4Z 

% 

ElBctrleal 
eondnetlT- 
Ity  Baho/cB 

Approx- 

laat. 

X 

% 

18 

SI 

67 

- 

37.2 

1.2 

0.08 

0.6 

20 

S2 

66 

- 

44.1 

8.2 

0.61 

2.0 

4 

S2 

63 

- 

- 

6.7 

0.36 

6.8 

21 

100 

70 

06-100 

22.4 

18.4 

1.16 

2.2 

64 

100 

86 

06-100 

68.2 

10.3 

1.21 

3.1 

16 

100 

74 

06-100 

23.4 

30.7 

2.48 

6.1 

08 

46 

30 

11.1 

20.7 

1.86 

6.4 

( 

62 

20 

30 

8.6 

8.0 

0.66 

1.2 

4 

76 

33 

10 

6.4 

12.2 

0.76 

2.8 

7 

02 

66 

36 

10.6- 

0.1 

0.67 

0.7 

2 

88 

63 

40 

13.6 

21.7 

1.36 

4.0 

1 

84 

33 

36 

7.4 

17.4 

1.00 

6.3 

- 

- 

- 

- 

- 

- 

- 

- 

12 

20 

10 

100 

tr. 

0.4 

0.03 

- 

8 

20 

18 

100 

tr. 

0.8 

0.02 

- 

2 

16 

7 

100 

tr. 

0.8 

0.02 

- 

(7)  Several  SOM  conponerts  affect  soil  consistency.  Clay  and  salts  (chlorides,  gypsura  cartx>nate) 
are  prominert  among  these.  Chlorides  and  gypsun  are  the  characteristic  precipitates  In  the  soils  here 
considered  In  some  other  deserts,  such  as  the  Mojave,  carbonate  predominates.  Electrical  conductivi* 
ty  represents  the  content  of  soluble  salts,  mostly  NaCt  16  mmho/cm  equals  approximatsly  r^  of  solu¬ 
ble  salts.  Thedatapreseniedherearelnpercentsof  the  fne  earth  fractions  of  the  soil  or  deposit  The 
quantitative  effects  of  earth  of  the  three  components  on  their  observed  combinations  are  not  yet  esta¬ 
blished 


4.t  Some  Practical  Considerations. 

(a)  Particnlate  materials  in  soils  and  other  deposits  are  nniTcrsally  subdirided  into  three 
sise  groups:  (1)  Dust  (or  fines),  i.e.  silt  and  clay;  (2)  Sand;  (3)  Grarel.  Fine  earth  is  treated  here 
extensirely  since  it  is  composed  of  dost  and  sand,  the  finer  fractions  of  which  may  be  raised  as 
airborne  dust  for  short  periods  and  distances.  Gravel  is  used  only  as  a  very  general  term.  The 
reader  is  referred  to  part  D  in  the  accompanying  report  for  background  and  possible  implica¬ 
tions  of  gravelly/non-gravelly  materials  in  the  soils  and  other  deposits. 

(b)  Dust  in  soils  and  other  deposits  is  composed  of  two  mail,  groups  of  particles:  (1)  Sili¬ 
cate  and  carbonate  mineral  particles  which  were  incorporated  in  the  soil  in  their  original  solid 
state;  (2)  materials  that  were  incorporated  in  the  soil  or  deposit  by  precipitation  from  intro¬ 
duced  water  —  rain  and  groundwater.  Such  materials  appear  as  dust  particles  (e.g.,  crystals 
and  aggregates)  in  early  stages  of  soil  devel<^ment.  They  become  denser  and  harder  with  time. 
Their  composition  is  mainly  CaCO„  gypsum  (CaSOf.2H,0)  and  chlorides  (mainly  NaCl). 
CaCOg  is  a  major  constituent  of  the  original  mineral  particles  in  dust  of  many  deserts,  and 
the  separation  of  secondary  carbonate  is  not  practical.  The  seperation  of  gypsum  and  salts  is 
universally  carried  out  by  dissolution  so  that  the  quantitative  concentration  as  various  dust 
fractions  of  recognised  sise  is  not  known. 

(c)  Dust  sised  particles  In  the  soil  and  other  deposits  are  composed  of  both  discrete  cry^ 
stalline  particles  and  particulate  aggregates.  Aggregates  are  grown  of  primary  particles 
bound  to  form  secondary  units.  Clay  and  salts  ate  binding  agents.  The  resulting  aggregates 
may  be  of  various  sises  and  have  different  degrees  of  strength  and  cohesion  upon  release  by  dust 
producing  agents.  At  present,  thcR  Is  no  method  which  enables  us  to  predict  the  sise,  consisten¬ 
cy,  and  persistence  of  such  aggregates  In  the  different  soils  and  under  possible  sqplied  stress. 
However,  there  are  several  components  that  may  be  evaluated,  as  they  cause  binding  of  discrete 
particles.  These  Include  clay,  gypsum,  carbonate  and  soluble  salts.  Whereas  clays  are  not  a 
major  component  in  many  desert  soils  and  deposits,  various  salts  are  found  In  significant  quan¬ 
tities.  However,  in  order  to  deliver  an  objective  background  for  dust  evaluation,  the  fine  earth 
materials  are  dispersed  Into  their  component  fractions  In  the  laboratory,  e.g.  sand,  silt,  clay, 
gypsum,  chloride  salts,  etc. 

(d)  All  the  soils,  with  the  possible  exception  of  the  very  recent  ones,  are  polygenetlc,  hav¬ 
ing  developed  under  effective  changes  In  climatic  regimes.  This  implies  changes  la  rainfall,  ef¬ 
fective  infiltration,  dust  penetration,  and  precipitation  of  salts  in  various  horlsons  and  to  dif¬ 
ferential  depths.  The  climatic  progression  during  the  Quaternary  for  most  deserts  Is  not  suS- 
ciently  known.  Even  for  the  late  Quaternary,  whldk  Is  best  undsrstood,  the  effectiveness  of 
climatic  changes  and  the  identification  of  such  luctuation  in  soils  may  he  only  roughly  gen¬ 
eralised. 
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(e)  The  afe  of  moit  aridic  loili  ii  not  known,  and  the  age  of  othen  ii  onlj  hroadlj  ei- 
timated,  with  deiignationi  inch  ai  Holocene,  late  Pleiitocene,  Pleiitocene  and  Tertiary.  The 
degree  of  loil  derelopment  (marked  eipecially  by  eilt,  clay  and  lalt  content  and  diitribution)  ii 
time  dependent;  it  can  be  eralnated  only  in  a  very  general  way  (lee  Appendix  5). 

4.4  Summary  of  Some  Pointa  of  Further  Emj^aaia. 

While  niing  the  present  procedure  one  hai  to  bear  in  mind  lereral  tiendi  which  auiet  in 
eralnating  the  amount!,  distribution  and  composition  of  dust  in  deserts: 

(1)  Old  surfaces  usually  contain  higher  amounts  of  dust  and  salts  than  young  ones  in  the 
same  area. 

(2)  Sorting  of  sediments  downflow  leads  to  fining  of  deposits  both  downstream  and 
downwind.  Areas  coreted  by  flurial  deposits  may  contain  large  amounts  of  dust  siied  materials 
if  they  are  located  far  downstream  from  the  sources  of  the  detritus,  i.e.  the  center  of  the  playas. 
Areas  far  away  from  sources  of  sand  will  coniun  large  amounts  of  fine  sited  dust  and  almost 
no  sand  (including  fine  sand). 

(3)  Areas  which  ate  located  downwind  from  sources  of  dust  may  contain  mote  dust  in  their 
soil  and  deposit  than  in  areas  upstream  or  upwind. 

(4)  Dust  is  trapped  in  large  quantities  in  areas  where  vegetation,  especially  grass,  is  dense. 
Hence,  the  less  arid  terrains  are  more  favourable  to  dust  accretion  and  residence.  This  guide¬ 
line  applies  also  to  hllltlopes  vdbieh  ate  exposed  away  from  the  sun,  i.e.  hillslopes  having  a 
northern  aspect  in  the  northern  hemisphere. 

(5)  In  most  Mid-Eastern  aridic  soils  there  is  a  transition  from  precipitated  carbonate  in 
the  semi-arid  and  modestly  arid  environments  to  gypsum  and  chloridic  salts  precipitated  in 
the  soils  of  the  arid  and  the  extremely  arid  environments.  Gypsum  and  salts  are  not  the  dom¬ 
inant  precipitates  In  all  deserts.  Fbr  example,  the  Mojave  and  the  Sonoran  Deserts  in 
southeastern  California  and  A\bstern  Ariiona  calcic  soils  are  widespread. 

(0)  Old  gravelly  soils  usually  have  a  gravel-free  B  horlson  several  tens  of  cm  thick,  under¬ 
lying  a  gravelly  desert  pavement.  Such  soils  are  rapidly  denuded  of  their  pavement  and  B  hor¬ 
lson  upon  gullying  and  an  Indurated  calcic  or  gypslc  crust  may  be  exposed  at  the  surface. 

(7)  Information  on  the  type  and  condition  of  ground  cover  may  requite  airphotos  of  the 
scales  1:2,500  -  1:10,000.  Areas  should  be  studied  with  this  kind  of  imagery  when  landing  of 
aircraft  Is  planned. 

(8)  Hillslopes  of  gentle  decllnity,  <20^,  may  have  developed  some  kind  of  soil;  Including 
relatively  large  amounts  of  dust.  Still,  these  amounts  are  usually  far  less  than  those  charac¬ 
teristic  of  soils  on  the  gently  sloping  surfaces  on  the  upper  part  of  the  same  landforms.  Such  is 
the  case  of  Reg  soils  on  alluvial  surfaces  richer  in  dust  than  the  gravelly  Regosols  on  the  riser 
slopes  at  their  foot. 


PLATE  1 


Typicml  Imndformi  of  diiiccted  llmcttoB*  tcmini  (sortkcn  Ncser): 

(1)  Gnit. 

(2)  Rocky  killtlope. 

(S)  Interchmnging  rocky  scArplcts  witk  1o«m  covered  besckei. 

(4)  Collttviml  footilope. 

(5)  Diiiected  collaviel  -  kllnvikl  fill. 

A  portion  of  tke  Negev  on  n  sntelllte  imngery.  Note  eovernl  kiond  Inndecnpe  typei: 

(1)  Loeiiinl  termini. 

(2)  Done  fields. 

(3)  Diiiected  limestone  termini. 

(4)  Allnvinl  plnins. 

(5)  Limestone  plitemns. 
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PLATE t 

A  stAbiilitd  iKHd  dvat  (1)  OTtrUU  bjr  *«  Activt  cHaMag  teat  (2). 

Mt.  QtNH,  BorthirMtcra  Ncgtr. 

Aa  actiTt  4aaa  witk  rigfiM  cilabiag  o«*r  tli«  raiat  of  Bytaatiac  R^OTot  ia  tht 
aorthwMttra  Nagor. 

Loagltadlaal  daaM  aloag  lb#  coast  of  aortbsastsra  Siaai. 

Loses  OTsrijriag  chaik  ia  tbs  aortksa  Nsgts. 

Nots  tks  tkieksr  iosss  aaatls  oa  tbs  aortb  faciag  biiisiops  (rlgbtbaad  aids  of  tbs 
lAoto). 
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PLATE  * 

The  pUje  of  Q»  En>Neqb,  sonthcrn  Neger,  larrounded  by  elloTiel  feni.  Tekjrr  loili 
cbarecteriie  the  playa  inrface. 

A  playa  bordered  by  alluTial  fani  (lontbern  Arara  Valley). 

(1)  Old  alluTial  fani  mantled  by  Reg  Soils. 

(2)  Actire  alluvial  fan  —  sand  and  gravel. 

(3)  Outer  playa  lone  (vegetated)  —  silty  sand  and  sand. 

(4)  Transition  lone  —  sandy  silt,  saline  and  gypsiferous. 

(5)  Inner  playa  sone  —  sandy  and  silty  clay,  highly  saline  and  gypsiferous. 

Soft,  puffy  and  wet  silty-clayey  playa  surface. 

Avrona  playa,southern  Arava  Valley. 

Soft,  puffy,  highly  saline  and  sterile  inner  playa  sone. 

Avrona  playa,  southern  Arava  Valley. 


PLATE  4 


A  (1)  Allurial  larfacei  of  differaat  Quaternary  aget  mantled  by  Rnf  noilt. 
(2)  The  exteniiTe  playa  of  AI  Jafr. 

Southern  Jordan. 

B  Holocene  alluvial  lurfacei  of  NaJ^al  Hcvcft  draining  into  the  Dead  Sea. 


C  Alluvial  lurfacei  of  different  agei: 

(1)  Pleistocene  surfaces  with  a  well  developed  desert  pavement  ovur  a  smooth  sur¬ 
face. 

(2)  Holocene  surfaces  with  a  gravel  bar  and  swale  morphology. 

(3)  Active  floodplain. 

Tlmna  Valley,  southern  Negev. 

D  Dissected  alluvial  fans  with  rounded  and  narrow  ridges  -  ballenas. 

Na^al  Roded,  southern  Arava  Valley. 
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PLATES  . 

The  complex  xlluTial  fan  of  Wadi  Wattir,  eastern  Sinai: 

(1)  Allnrial  fan  composed  primarily  of  grarel  and  sand. 

(2)  A  belt  of  active  sand  dunes. 

(3)  Coastal  sabkha. 

Surficial  patterns  of  alluvial  fans  (Eastern  Sinai): 

(1)  Pleistocene  surfaces,  smooth  with  a  well  developed  desert  pavement. 

(2)  Holocene  surfaces  with  well  preserved  gravel  bars  and  swales. 

(3)  Active  floodplains. 


PLATE • 

Debrii  flow  fan  lurfacei  of  Holocene  age,  compoeed  of  liere  depoiiti. 
South  of  Wadi  Mukeibila,  eaetern  Sinai. 

A  debrii  flow  fan  of  Holocene  age,  compoied  of  liere  depoiiti. 
Eaitern  Sinai. 

Recently  depoiited  liere  depoiiti. 

Wadi  Naieb,  eaitern  Sinai. 

A  recently  depoiited  debrii  flow  with  liere  depoiiti  at  the  lurface. 
Wadi  Naieb,  eaitern  Sinai. 


PLATE  7 


Some  landforms  aeiocieted  with  mejor  eecerpments: 

A  (1)  A  plateau  with  iiammada  eoils. 

(2)  Taltti  Klicti,  compoied  of  debris  flow  deposits  mantled  by  Reg  soils. 

(3)  Transition  between  talus  and  bajada,  mantled  by  Reg  soils. 

(4)  Middle  Pleistocene  allurial  fan  terraces  with  Reg  soils. 

(5)  A  late  Quaternary  allurial  fan  terrace  with  Reg  soil. 

Makhtesh  Ramon,  central  Negev. 

B  An  active  talus  slope.  Note  recently  active  debris  flows.  South  of  Wadi  Mukeibila, 
eastern  Sinai. 
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PLATES 


(1)  Hillcmt  flat  with  Uammada  aoil. 

(2)  Limeitone  benchea  with  loettial  Seioaem  soil*  and  LitkoaoU. 

(3)  Footalope  colluriam  with  calcic  and  gjrpaic  loaaial  aoila. 

Nitiana  area,  weatern  Neger. 

An  undulating  high  plateau.  The  aoila  are  highly  clayey  and  calcic. 

(1)  iiammada  aoil. 

(2)  Clayey,  calcic  loeaaial  aoil. 

Mt.  Katerina,  aoutkern  Sinai. 

Talua  alopea  compoaed  of  rookfall  debria  and  aieve  depoaita.  The  bedrock  lithology 
ia  rhyolitic  quarti  porphyry. 

Mt.  Amram,  Southern  Neger. 

Talua  alopea  at  the  foot  of  a  large  acarp.  The  taluaea  are  compoaed  of  debria  flow, 
rockfall  and  washed  grua  depoaita.  The  bedrock  lithology  ia  coarae  cryatalline 
granite. 

Santa  Katarina  area,  southern  Sinai. 

Talus  slopes,  composed  of  debria  flow  and  rockfall  depoaita: 

(1)  An  actire  talus. 

(2)  A  talua  relict  mantled  by  talus  Reg  soil.  Bedrock  lithology  ia  flint  and  marl 
layers  (Sayarim  Formation)  orerlying  chalks  (Mennh.a  Formation). 

Southern  Arara  Valley  margins. 

Talua  slopes  composed  primarilly  of  debris  flow  depoaita. 

Note  recent  debris  flows  on  the  upper  part. 

Wadi  Mttkeibila,  eastern  Sinai 


PLATE • 

Densely  diieected  nnd  bndUnd  terrsine: 

A  Loess  mnd  loessisl  soils  in  the  southern  cosstsl  plain  in  Israel. 

B  Chalks  and  shales  of  the  Lisan  Formation  in  the  northern  Arara  Valley. 
C  Marls  and  shales  in  the  Zin  Valley,  northern  Negev. 

Chalks  overlain  hy  flint,  northen  Negev. 
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PLATE  10 

A  Round  atrncturei  of  an  archaeological  lite  of  Middle  Bronte  I  Age  (>4000  yeart 
old).  The  structure  it  partly  filled  with  eolian  dust. 

Nittana  Site,  western  NegeT. 

B  A  cut  in  a  Middle  Bronte  I  houte,  partly  filled  with  eolian  dust  and  collapse  stones. 
Be’er  Retsisim,  western  Negev. 

C  A  cut  in  a  dust  and  gravel  fill  of  an  Early  Bronte  archaeological  site  (-4500  years 
old). 

Tel  Arad,  northern  Negev. 

D  Stratified  fluvial  loess  and  gravel  fill  behind  a  dam. 

Western  Negev. 


PLATE  11 


A  well  dereloped  Hammada  aoil  on  a  limeatone  plateau.  A  complete  cover  of  deaert 
pavement  overlying  a  gravel*free  B  horiaon. 

Southern  Negev 

A  iiammada  aoil  profile  on  a  quarta  prophyritic  bedrock.  A  complete,  well 
developed,  deaert  pavement  cover;  a  ailty  veaicular  A  horiaon  (1  cm  thick);  the  C 
horiaon  (30  cm  thick)  ia  compoaed  of  mechanically  weathered  gravel,  with  highly 
aaline  and  gypayferoua  ailty  aand  (including  gypaic  gravel  coatinga). 

Mt.  Amram,  aouthern  Negev. 

A  young  Takyr  aoil  in  the  aouthern  Negev,  compoaed  of  ailt-loam. 

A  Pleiatocene  Reg  aoil  in  eaatern  Sinai:  a  gravel-free  B  horiaon  and  a  highly  gypai- 
feroua  and  aaline  C  horiaon.  Note  the  gypaic  pebble  coatinga. 


PLATE  IS 

Stratified  allurium  in  a  Holocene  terrace,  compoied  of  grarel  and  gand. 

Mt.  Amram,  iouthern  Neger. 

Stratified  and  croii-bedded  fluTial  (l)  lands  and  (2)  silty  loams. 

East  of  Yotrata,  southern  Arara  Valley. 

Gypsum  coating  of  cobbles  in  a  Pleistocene  Reg  soil. 

Tlmna  Valley,  southern  Neger. 

Discontinuous  gypsum  coating  on  gravel  in  the  C  horiion  of  a  latest  Pleistocene 
early  Holocene  Hammada  Soil. 

Mt.  Amram,  southern  Negev. 


PLATE  IS 

A  An  enrlj  Holocene  Reg  soil:  n  locniljr  well  dereloped  desert  perement  overlying  n 
thin  vesicnlar  silt-loam  A  horison  (0.5  cm  thich).  B  horison  is  gravelly  and  slight¬ 
ly  saline.  C  horison  is  highly  gravelly,  gypsiferous  and  saline.  Note  the  mechani¬ 
cally  weathered  gravel  in  the  C  horison. 

Nah.al  Ze’elim,  western  Dead  Sea. 

B  An  early  Holocene  Reg  soil  in  Timna  Valley,  southern  Negev.  The  vesicular  A  hor¬ 
ison  is  1.0-1.5  cm  thick;  B  horison  is  5-10  cm  thick  and  highly  silty;  C  horison  is 
gypsiferous  and  saline,  with  a  high  proportion  of  salt  weathered  gravel. 

C  A  Pleistocene  Reg  soil  on  a  high  terrace  of  Wadi  Sa’ade,  eastern  Sinai.  Note  the 
difference  between  the  highly  gypsiferous  right  hand  side  and  the  far  less  gypsi¬ 
ferous  left  bank  side  of  the  C  horison. 

D  An  old  polygenetic  Reg  soil  on  a  late  Tertiary  surface.  A  thick  layout  gravel-free 
silt  loam  A  and  B  horisons,  is  overlain  by  a  well  developed  desert  pavement. 
Paleocalcic  and  paleogypsic  horisons  are  observed  below  depth  of  70  cm. 

E  A  late  Pleistocene  Reg  soil  with  a  petrogypsic  horison  in  the  southern  Arava  Val¬ 
ley. 

F  A  mottled  calcic  paleosol  hurried  under  a  later  loessial  cover- in  NaJi.ai(=wadi) 
Nitsana,  western  Negev. 


PLATE  14 

A  A  grarelljr  surface  of  an  earl/  Holocene  alluTial  fan.  An  early  stage  of  desert 
parement  derelopment. 

Wadi  Mukeiblla,  eastern  Sinai. 

B  A  well  developed  desert  pavement. 

Nalial  (=wadi)  Nitsana,  western  Negev. 

C  Plates  of  sandstone  over  sand  and  bedrock. 

Southern  Sinai. 

D  A  typical  Hammada  surface: 

(1)  Limestone  bedrock,  in  situ. 

(2)  Desert  pavement  over  Qammada  soil  In  pockets . 

Wistern  Negev. 
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Encrnitcd  debris  mmntle  on  shnles.  The  crust  is  composed  of  tO-70%  clajr,  30-40% 
silt,  and  minor  amounts  of  fine  sand  (<  5%). 

Northern  Neger. 

Fine  angular  grarel  is  sieve  deposited  in  an  active  alluvial  fan. 

Mt.  Amram,  southern  Negev. 

A  loamy  crust  deposited  on  an  active  floodplain. 

Biq’at  Uvda,  southern  Negev. 
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Mots:  The  figirs  rurbars  and  tha  captions  ara  thosa  prasantad  In  ttw  accompanying  re¬ 
port.  Tha  uaar  may  find  datallad  explanations  In  the  text  accompanying  these  Agues. 
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Fignn  Psrtieal  liie  diftributionf  in  aridie  »oilf  in  Israel  and  Sinai.  The  ranges  of  the  fre¬ 

quently  encountered  distributions  are  presented. 


Figure  CX2,  Continued 
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ibatioB  of  (U*  frmctioiu  with  dqith,  in  Reg  toiU  on  early  Holocene  allnvial  eui^ 
in  MukeibUU,  eaetcrn  Sinai  (A3)  nnd  'Hinna  valley,  eonthem  Negev  (C). 
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Figure  C.1.13.  Site  distribution  by  fraction,  with  depth,  in  sandy  soils  in  \^stern  Negev;  1.  Be’eri  2 
Kissufim.  (data  from  Marish  et  a4 1978) 
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1.  Jordan  Valley 

2.  North  Western  Negev 
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APPENDIX  S  GLOSSARY 


Note:  The  following  terms  ore  defined  for  npplicstion  ..n  the  context  of  the  present  report.  In 
some  esses  the  definitions  sre  not  suflicient  for  genernl  use.  The  emphasis  here  is  on  terrains  of 
the  hot  deserts. 


Acid  Vblc&nic  Rocks  Igneous  rocks 
that  hare  been  poured  out  or  ejected  at  or 
near  the  earth’s  surface,  haring  a  higher 
percentage  of  silica  than  orthoelase,  the 
limiting  figure  commonly  adopted  being 

to%. 

Aggregate  A  group  of  primary  particles 
intimately  bound  such  that  they  form 
secondary  units. 

A  Horizon  (in  desert  soils)  A 
mineral  soil  horiion  formed  at  or  adja¬ 
cent  to  the  surface. 

Alluvium  An  unconsolidated  sediment 
deposited  by  a  stream  or  a  rirer  (a  fluvial 
sediment).  Composed  of  gravel,  sand, 
silt,  clay. 

Badlands  An  extremely  dissected 
landscape,  characterised  by  very  fine 
drainage  network,  usually  carved  in  un¬ 
consolidated  or  poorly  cemented  materi¬ 
als  such  as  silt,  clay,  shale,  chalk,  vol¬ 
canic  ash.  Lack  of  vegetation,  steep  gra¬ 
dients  and  erodible  materials  are  favor¬ 
able  enviromental  conditions  for  bad¬ 
land  formation. 

Bajsda  or  B*hsda  The  nearly  flat 
surface  of  a  continuous  apron  consisting 
of  confluent  alluvial  fans  which  together 
with  the  pediment  make  up  the  pied¬ 
mont  slope  in  a  basin. 

Ballena  A  major  landform  comprising 
distinctively  round  topped  ridgeline  rem¬ 
nants  of  fan  alluvium.  The  ridge’s 
broadly  rounded  shoulders  meet  from  ei¬ 
ther  side  to  form  a  narrow  crest  and 
merge  smoothly  with  the  concave 
bsckslopes. 


Basalt  A  general  term  for  dark  colomd 
mafic  igneous  rocks,  commonly  extrusive 
bot  locally  intrusive,  composed  chiefly  of 
calcic  plagioclase  and  clinopyroxene; 
the  fine  grained  equivalent  of  gabbro. 

B  Horizon  (in  desert  soils)  A 

mineral  soil  horison  in  which  the  parent 
sediment  or  rock  structure  and  texture 
has  distinctly  changed,  charachterised 
by:  (a)  an  illuvial  concentration  of  silt, 
clay  and  occasionly  fine  sand;  (b)  weath¬ 
ering  of  certain  minerals  and  iron 
released  as  oxides/hydroxides;  (c)  some 
new  structure  has  formed;  (d)  usually 
shows  accumulation  of  salts,  gypsum  or 
carbonate. 

Brown  Alluvial  Soil  A  brown  soil 
formed  of  young  alluvial  deposits  in  val¬ 
ley  floors.  The  texture  is  loamy  and 
often  contains  CaC03. 

Brown  and  Light  Brown  Loessial 

Soils  A  soil  formed  of  eolian  or  flu¬ 
vial  loess  usually  with  an  AB^^C  or  an 
AB^Bf,  profile.  The  texture  is  sandy- 
loam,  loam  or  clay-loam.  It  contains 
CaCOj  nodules  throughout  most  of  the 
profile. 

Buried  Soil/Horizon  A  soil  or  an 
horison  (B  or  C)  is  considered  to  be 
buried  if  there  is  a  surface  mantle  or  if 
it  is  overlain  by  a  mantle  of  new  materi¬ 
al.  (see  palesol) 

ca*Calcic  Horiion  A  soil  horison 
with  a  secondary  concentration  of 
CaOO],  of  at  least  h%  by  weight. 

Chalk  A  very  soft,  white  to  light  gray, 
unindurated  limestone  composed  of  the 
tests  of  floating  microorganisms  and 
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tome  bottom  dwelling  forme  in  a  matrix 
of  finely  crystalline  calcite.  Some  chalk 
can  be  almost  devoid  of  organic  remains. 

C  Horizon  A  mineral  toil  boriton  or  a 
layer  underlying  B  koriton  (q.v.),  usual¬ 
ly  similar  in  structure  and  texture  to 
the  parent  sediment  or  rock,  but  weath¬ 
ered  and  unconsolidated. 

Clay  A  toil  or  sediment  separate  consist¬ 
ing  of  particles  <  0.002mm  in  (e- 
quivalent)  diameter.  Fine  clay  —  < 
0.001mm. 

Climatic  Regimes  of  the  hot  deserts 
are  here  subdivided  accordingly  to  the 
mean  annnaly  precipitation  at  folowt: 
(a)  seml-mrld  —  400-250  mm/year;  (b) 
moderately  arid  —  250-150  mm/year; 
(e)  arid  —  150-80  mm/year;  (d)  ex- 
tremly  arid  —  <80  mm/year. 

Colluvium  Colluvium  it  the  superficial 
mantle  of  unconsolidated  rock  debris 
which  consists  of  hetrogeneous  materials 
of  any  particle  site  which  accumulate  on 
the  lower  parts  or  the  base  of  slopes. 

cs-Gypsic  Horizon  A  soil  koriton 
with  a  visible  secondary  concentration 
of  gypsum,  usually  more  than  S%, 

Debris  Flow  A  dense  (80-80%  solids,  by 
weight),  viscous  and  rapid  flow  consist¬ 
ing  of  coarse  particles  embsded  in  flnc 
material.  It  nsuaily  begins  on  unvegetat- 
ed  talus  or  colluvial  slopes  during  ex¬ 
tremely  heavy  precipitation.  The  dq»o- 
tits  are  nnstratified,  poory  sorted  with 
coarse  particles  matrix  supported  In 
elongated,  lobate  forms.  Commonly 
coarse  particles  armour  the  surface  and 
form  low  ridges  (levees)  bordering  the 
flow. 

Debris  Flow  Fan  sec:  Fan  —  Debris 
Flow. 

Desert  Pavement  Desert  pavement  is  a 
type  of  snrflciai  cover  composed  of  > 
40%  gravel,  overlying  a  flne  earth  (silt. 


fine  sand,  clay)  horison.  The  gravel  it 
usually  mechanically  shattered  and  flat 
lying. 

Divide  A  belt  of  separation  between 
drainage  systems:  the  summit  o'  an  in¬ 
terfluve. 

Dolomite  A  carbonate  sedimentary  rock 
of  vdiich  more  than  50%  consists  of  the 
mineral  dolomite,  or  a  variety  of  lime¬ 
stone  or  marble  rich  in  magnesium  car¬ 
bonate. 

Dune  Mound  or  ridge  of  wind  blown  (or 
eolian)  unconsilidated  sand. 

Sand  dune  —  An  eolian  dune  and  a 
landform  element  built  of  sand  site 
mineral  particles. 

Stabilised  dune  —  A  non-active  dune 
stabilised  by  vegetation  and 
penetrating  airborne  dust  and  salts. 

Climbing  dune  —  A  dune  climbing  on 
a  hillslope. 

Dust  —  Desert  Dust  The  material  in 
surficial  deposits  (including  soils)  and  in 
the  atmosphere  composed  of  particles 
smaller  than  0.0625mm.  It  consists 
mostly  of  silt  sise  particles 
(0.002-0.0625mm  in  diameter)  with 
lesser  amounts  of  clay  (<0.002mm)  and 
may  include  some  very  fine  sand 
(0.0625-0.125mm).  Dust  can  remain  In 
suspension  in  the  atmos^ere  for  long 
periods  of  time  and  be  transported  for 
long  distances. 

Electrical  Conductivity  (in  soils) 
Electrical  conductivity  is  a  measure  for 
the  concentration  of  soluble  salts  in 
soils.  Electrical  conductivity  Is  recipro¬ 
cal  of  electrical  resestivity.  The  dimen¬ 
sions  are  1/ohm  cm  or  mho  per  cm.  The 
conventionally  used  units  for  soil  solu¬ 
tion  or  extract  are  mlliimho/cm.  The 
standard  temperature  for  isporting 
slectricsi  conductivity  messnrsments  b 
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25«C. 

Fan  —  Alluvial  An  nlluTinl  fnn  it  n 
body  of  itrcnm  depoiiti  wboic  lurfncc 
npproximntM  n  legment  of  n  cone  tbnt 
rndintei  downilope  from  the  point  vhctc 
the  itrenm  lenTei  n  mountnineoui  nten. 
Allurinl  fnni  hxTe  grently  diverie  liiei, 
■lopei,  typei  of  depoiiti  nnd  lource-ntea. 
chnrncteriitici.  They  nre  molt 
wideiprend  in  the  dried  pnrti  of  the 
world. 

Fan  —  Debris  flow  An  ncenmalntion 
of  debrii  brought  down  by  a  debrii  flow 
descending  through  a  iteep  raring  and 
debouching  in  the  plain  beneath  where 
the  detritial  material  ipreadi  out  in  the 
ihape  of  a  fan. 

Fine  Farth  The  textural  leparatc  of  the 
aoil  which  Includei  land,  lilt  and  clay. 

Flint  (Chert)  A  hard,  extremely  denie 
or  compact,  dull  to  lemiritreoni  micto> 
eryitalline  or  cryptocryitalline  ledU 
mentary  rock,  coniiiting  dominantly  of 
interlocking  cryitali  of  quarti.  It  may 
contain  amorf^oni  lilica,  and  impuritiei 
■uek  ai  calcitc,  iron  oxide  and  remaini 
of  liliceoni  and  other  organiimi. 

Flood  Plain  A  geomoridiic  feature 
formed  by  itream/rlrer.  It  repreienti  the 
area  la  which  the  itream/rlrer  Bows, 
erode!  and  dqxwlti  In  time  of  flood.  A 
flood  plain  ii  compoeed  of  channel  and 
orerbaak  dqroeite. 

Granite  A  term  loocely  q>plled  to  any 
light  colored  coarie  grained  platonic 
rock  containing  quarti  ai  an  enentlal 
component,  along  with  feldipar  and 
mafle  mineral!. 

G  ravel  Sediment  or  loll  particlei  coarier 
than  2mm  in  diameter.  Subdiriiion  of 
grarel:  grannie  -  2-4mm;  p^le  - 
4-Mmm;  cobble  -  $4-2Mmm;  boulder  - 
>256mm. 


Grus  Angular  fragments  of  crystal  grain 
sise  produced  locally  by  weathering  of 
coarie  crystaline  rocks,  frequently  gran* 
ite. 

Hammada  A  shallow  soil  derelqped  in 
situ,  usually  on  hard  bedrock  on  gently 
■loping  terrains,  covered  by  angular  rock 
fragment.  The  profile  includes  ABR, 
ACR,  or  ABCR  horisbns  (often  gypsic  or 
saline). 

Hillslope  The  inclined  surface  of  a  hill, 
mountain  plateau,  plain  or  any  part  of 
the  surface  of  the  earth.  Slope  is  also 
the  angle  at  which  such  a  surface  devi¬ 
ates  from  the  horitontal. 

Holocene  (Recent)  An  epoch  of  the 
Quaternary  (q.v.)  period,  from  the  end  of 
the  Pleistocene  (q.v.),  a;q>roximately 
10,000  years  ago,  to  the  present  time. 

Igneous  Rocks  A  rock  that  solidified 
from  molten  or  partly  molten  materiel, 
i.e.  from  magma. 

Limestone  A  sedimentary  rock  consist¬ 
ing  chiefly  (more  than  50%)  of  calcium 
carbonate,  primarily  in  the  form  of  the 
mineral  calcite,  and  or  without  mag¬ 
nesium  carbonate. 

Lithosol  A  shallow  soil  with  no  well 
developed  AC,  ACR,  C  or  CR  horisons. 
Usully  formed  on  soft,  friable  bedrock, 
often  gravelly  and  saline. 

Loam  Soil  material  or  deposit  whi^  con- 
Uins  7-27%  clay,  2S-50%  silt,  <52% 
sand  (see  figure  1C  in  chapter  C.l). 

Loess  Material  transported  and  deposited 
by  wind  and  consisting  of  predominant¬ 
ly  silt  with  some  very  fine  sand  and  clay 
particles. 

Loessial  Serosem  Soil  A  soil 
developed  of  loess  parent  material.  \%ry 
Light  brown  or  yellowish  brown  In  color, 
usually  sandy  loam  or  loam  in  texture. 
Contains  carbonate  nodules  and  at  depth 
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g7pi«m  and  lalti. 

Loessial  Soil  A  toil  deTel<^ed  from 
lo«M  paicnt  material.  In  many  cuei  it 
form*  on  alluTial  loeti,  derired  from  pri* 
mary  eolian  depoeit*.  The  texture  it 
loam,  iilty  loam  or  fine  landy  loam. 

Marl  An  old  term  looiely  applied  to  a 
raricty  material*,  mo*t  of  which  occur 
a*  loose,  earthy  depoait*  con*i*ting 
chiefly  of  an  intimate  mixture  of  clay 
and  calcium  carbonate,  formed  under 
marine  or  freahwater  condition*. 

35-85%  clay;  65-35%  carbonate. 

Metamorphic  Rocks  Any  rock 

derired  from  pre>exi*ting  rock*  by 
minerological,  chemical  and/or  atrnc- 
tural  diangea,  eaaentially  in  the  aolid 
atatc,  in  reaponac  to  marked  change*  in 
temperature,  preaaurc,  (hearing  atrca* 
and  chemical  environment,  generally  at 
depth  in  the  Earth’*  cruat. 

Paleosol  A  aoil  which  have  formed  in 
landacapc*  of  the  pa*t  (aee  alao  buried 
eoil/hori*on). 

Plain  A  region  of  general  uniform  slope, 
comparatively  level  of  considerable  ex* 
teat,  aad  not  broken  by  marked  eleva* 
tloa*  Jfc  dapieMlona:  It  maybe  an  exten- 
aive  valley  floor  or  a  plateau  eummlt.  A 
plain  i*  kcre  defined  a*  an  extensive  area 
baviag  relief  <  30m  and  gradients  of 
<10*. 

Plateau  A  relatively  elevated  area  of 
comparatively  fiat  land  which  1*  com* 
monly  limited  on  at  least  one  side  by  an 
abr^  descent  to  lower  land. 

Playa  An  ephcmerally  flooded  usually 
barren  area  on  a  basin  floor  that  Is 
veneered  with  fine  textured  sediments 
and/or  salts.  Acts  as  a  temporary  or  the 

flnal  link  for  drainage  water. 

Pleistocene  An  epoch  of  the  Quater- 
nary  (<.▼.)!  between  the  Pliocene  of  the 
Tertiary  (g.v.)  and  before  the  Holocene 


(q.v.).  It  began  approximately  1.8  million 
years  ago  and  lasted  until  the  Holocene 
came  10,000  years  ago. 

Qu&ternary  The  second  period  of  the 
Cenosoic  era,  following  the  Tertiary.  It 
began  approximately  1.8  million  years 
ago  and  extends  to  the  present.  It  con* 
sists  of  the  Pleistocene  (q.v.)  and  the 
Holocene  (q.v.)  periods. 

Regosol  A  deep  soil  with  AC  or  C  hor* 
isons,  formed  from  unconsolidated 
parent  material,  usually  on  hillslopes. 

R  Horif on  Continuous,  nnweathered  sed* 
iment  or  bedrock. 

Reg  Soil  A  soil  with  ABC,  AC  or  ABR 
horisons.  Veneered  by  desert  pavement 
and  containing  at  shallow  depth  gypsic  , 
salic  or  calcic  horisons.  It  developes 
from  coarse  desert  alluvium  or  collnvi* 
nm,  under  an  arid  to  extremely  arid  cli* 
mate. 

Riser  A  steeply  sloping  surface  of  one  of 
a  series  of  natural  itep*like  landforms, 
a*  those  of  successive  stream  terraces. 

Sabkha  A  term  used  on  the  Arabian  Pen* 
insula  for  a  salt  flat  or  low  salt  encrust* 
ed  plain  restricted  to  a  coastal  area,  as 
along  the  Persian  Gulf. 

Saddle  A  low  point  on  a  ridge  or  crest 
line,  generally  a  divld  between  the  heads 
of  streams  flowing  in  opposite  directions. 

Sand  Soil  or  sediment  particles  between  2 
and  0.0e25mm  In  diameter.  Fine  sand 
<0.250mm. 

Sandstone  A  cemented  or  otherwise 
compacted  dctrital  sediment  composed 
predominantly  of  quarts  grains,  the 
grades  of  the  latter  being  those  of  sand. 

Sandy  Regoeol  A  deep  soil  with  AC  or 
C  horisons  formed  from  unconsolidated 
sand.  A  horison  Is  light  In  color  and 
contains  small  amount  of  organic  ma* 
terlal. 
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Sandy  Soil  Sandj  mU  it »  aotl  ^ich  in* 
cla<]ef  Mnd  na  n  major  textural  com¬ 
ponent.  Such  noil  is  rather  divenified  ac¬ 
cording  to  the  pedogenic  proceMei  in- 
Tolred. 

sa  —  Salic  Horiton  A  aoil  horiion 
with  a  Tiiibla  lecondary  concentration 
of  folnble  talta  (frequently  chloridea), 
uaually  containing  more  than  3%  of 
aalU. 

Seroxem  Soil  A  >oil  with  ABC  or  ABB|, 
horiioni,  uaually  light  in  color. 
Contain!  at  ahallow  depth  a  calcic 
and/or  gyptic  horiaona. 

Shale  A  fine  grained  aedimentary  rock, 
formed  by  the  conaolidation  of  clay,  ailt 
or  mud.  It  ia  characteriaed  by  finely  lam¬ 
inated  atructura,  which  imparta  a  fiaaili- 
ty  approximately  parallel  to  tha  bed¬ 
ding.  It  normally  containa  at  leant  S0% 
ailt  with  3S%  *clay  or  fine  mica  fraction* 
and  1S%  chemical  or  authigenic  materi- 
ala.  It  ia  generaily  aoft  but  aufficiently 
indurated. 

Sieve  Deposit  Coarae  grainad  lobate 
maaaea  on  an  alluvial  fan  and  talua 
whoae  material  ia  aufficiently  coarae  and 
permeable  to  permit  complete  infiltra¬ 
tion  of  watar  and  duat. 

Silt  A  aoil  or  aadiment  aeparate  conabting 
of  particlaa  batwuan  O.Ofififi  and 
0.002mm  in  (aquiTalent)  diameter.  Fine 
ailt  -  <0.010mm. 

Soil  Horison  A  layer  of  aoil  diffaring 
from  adjacent  genetically  related  layera 
in  Tarioua  propertiea  (phyaical,  chemical, 
biological,  atructura,  texture,  color). 

Soil  Profile  A  aoil  profile  conabta  of  the 
vertical  arrangement  of  all  tha  aoil  hor¬ 
iaona  (q.v.)  down  to  tha  parent  material. 

Soil  (Deposit)  Texture  aee:  Taxture 
of  Soil,  Deposit 


Solonchak  A  soil  containing  high 
quantities  of  salts  especially  in  the 
upper  horiaona.  Develops  in  playas  and 
aabkhaa  where  saline  groundwater  level 
ia  shallow. 

Talus  Talus  is  here  defined  as  a  debris 
mantle  on  a  hillslope  or  at  its  foot, 
formed  by  rockfall,  slope  wash,  debris 
flow  or  cre^.  It  assumss 
different/varioua  forms:  an  apron  at  the 
foot  of  a  cliff;  a  cone  at  the  month  of  a 
gully  or  a  small  ravine. 

The  types  of  tains  slopes  in  the  present 
t^ort  are:  rockfall  talus,  debris  flow 
(q.v.)  talus,  paved  (by  desert  pavement, 
q.v.)  talus  and  sieve  deposit  (q.v.)  talus. 

Takyr  A  fine  textnnd  soil  developed  on  a 
playa  surface  without  a  watertable  close 
enough  to  the  surface  to  permit  salt 
crust  to  appear.  It  usually  has  a  slightly 
to  moderately  saline  subsoil. 

Terrace  —  Alluvial,  Rock-cut 
An  abandoned,  inactive,  stmam  channel, 
flood  plain  or  alluvial  fan. 

Alluvial  Terrnee  —  a  stmam  terrace 
composed  of  unconsolidated  alluvi¬ 
um. 

Sock-cut  Terrnen  —  a  terrace,  usually 
cat  hr  X  stream  In  bedrock. 

Tertiary  Tha-first  period  of  the  Ceno- 
aoic  era,  between  the  Misosoic  and  the 
Quaternary;  covered  the  span  of  time 
between  9.5  and  1.9  million  years  ago.  It 
b  subdivided  into  five  epochs:  the  Palso- 
cene.  Eocene,  Oligocene,  Miocene  and 
Pliocene. 

Texture  of  soil  or  deposit  A  msas- 
ure  of  the  sise  of  the  particle  com- 
ponaats  and  the  particb  siss  distribu¬ 
tion  (see  figure  CJUL,c  In  chatter  C.1). 

TVead  The  flat  or  flantly  sloping  surface 
of  one  of  a  series  of  natural  step-like 
landforms,  as  those  of  succeeoive  stream 
torracse. 
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APPENDIX  4  DESERT  SOILS  AND  SURFICIAL  DEPOSITS  —  CLASSIFICATION 
AND  DESCRIPTION. 


In  order  to  be  able  to  estimate  or  predict  tbe  properties  of  desert  soils  or  deposits  in  areas 
which  are  inaccessible,  and  to  nse  arailable  tools  such  as  maps,  airphotos,  and  climatic  data,  it 
is  necessarjr  to  resort  to  a  classification  based  on  gross  landscape  features.  A  soil  classification 
founded  on  parent  material,  landform  and  climate  is  largely  genetic  in  nature.  Such  a  genetic 
soil  classification  was  chosen  for  the  present  report.  It  has  been  in  use  in  Israel  for  the  last 
three  decades.  This  soil  classification  includes  the  following  soil  orders  and  soil  types  (only  the 
material  pertraining  to  desert  terrains  is  presented  here): 

1.  Glimatogenic  soils:  Serosem  soils,  Reg  soils. 

2.  Lithogenic  soils:  Hammada  soils,  Lithosols,  Regosols. 

3.  FluTiogenic  and  eolian  soils:  coarse  desert  allurium,  alluvial  sand,  eolian  sand,  loess, 
loessial  soils. 

4.  Hydrogenic  soils:  Takyr  soils,  Solonchak  soils. 

These  are  the  soil  types  frequently  encountered  in  hot>desert  terrains.  They  are  typical  to 
the  Negev,  Sinai  and  similar  Mid-Eastern  deserts. 

The  following  is  a  brief  characterisation  of  the  more  widespread  soil  types  (for  additional 
information  see  a  Glossary  in  Appendix  3): 

Loessial  Soils  (arldle) 

These  .are  relatively  thick  (40-200  cm)  soils,  usually  of  loam,  silt-loam  or  silt-clay-loam 
composition,  developed  on  primary  eolian  or  reworked  loess.  They  are  usually  found  in  the 
semi-arid  to  moderately  arid  fringes  of  Mid-Eastern  and  other  deserts,  or  areas  which  were 
under  such  climatic  conditions  in  the  past.  Buried  or  exposed  paleosols  in  loessial  sections  are 
occasionally  more  clayey  in  nature.  Aridic  loessial  soils  often  contain  pedogenic  CaCO^  in  no¬ 
dules  and  may  contain  low  concentrations  of  gypsum  and/or  salts.  The  soil  is  usually  covered 
by  a  thin  (1-3  mm)  loess  crust,  usually  denser  and  more  cohesive  than  the  underlying  A  hor- 
Ison.  The  typical  landscape  of  loessial  terrains  is  flat,  undulating  or  badland,  with  relief  usu¬ 
ally  <  20m  (Plate  9A).  The  natural  vegetation  Is  a  grass-steppe  type.  Under  desert  conditions 
shallow  and  saline  gypsic  Serosem  soils  develop,  often  containing  some  gravel. 

Takyr  Solis 

Takyr  soils  are  relatively  thick  (40-180  cm),  of  clay-loam  or  silt-clay-loam  composition, 
and  develc^  at  the  center  of  playas.  These  soils  carry  low  to  moderate  amounts  of  gypsum  and 
salts.  The  average  thickness  of  the  major  soli  horisons  Is:  A  -  7  cm,  B  - 18  cm,  C  -  50  cm.  The 
soli  develops  on  flne  grained  fluvial  and  eolian  sediments  deposited  at  the  center  of  playas.  It  is 
usually  gravel-free.  The  terrain  Is  flat  and  is  occasionally  inundated  by  flood  water.  The  soil 
may  remain  moist  for  several  months  a  year.  Usually  there  is  a  thin  loess  crust  overlying  the 
A  horison  and  the  surface  is  po6r  in  vegetation  or  sterile. 

Solonchak  Solis 

SoloBchaks  soils  are  highly  saline  piaya  and  sahkha  soils.  Usually  they  have  poor  or  no 
pedogenic  structure,  since  their  properties  are  determined  by  both  deposition  of  fluviatiie  and 
eolian  ssdlBents  and  piucipltation  of  various  salts  by  shaliow  ground  water  and  Inundating 
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flood  water.  At  the  lurface  there  are  cruets  rich  in  salts  and  gjpsum.  Highly  concentrated  salt 
and  gypsum  layers  are  found  at  depth.  Sometimes  the  soil  is  composed  of  saline  silt  and/or 
clay,  but  in  other  cases  the  soil  is  coarse  textured  with  an  abundance  of  fine  grarel  and/or 
sand.  Soil  thickness  varies  from  several  tens  of  cm  to  more  than  a  meter.  The  relief  is  fiat  with 
some  undulations,  usually  less  than  100  cm  high.  Moisture  is  usually  found  close  to  or  at  the 
surface. 

Reg  Soils 

Reg  soils  are  gravelly  soils  developed  on  surfaces  composed  of  coarse  alluvium,  i.e.  alluvial 
fans  and  alluvial  terraces.  Their  thickness  ranges  between  30-40  cm  in  Holocene  Reg  soils  to 
more  than  100  cm  in  Reg  soils  on  older  (Pleistocene)  alluvial  surfaces.  The  typical  soil  profile 
consists  of  a  surficial  gravelly  desert  pavement,  a  vesicular  horiton  underlying  it  (0.5-7  cm 
thick),  a  gravel'free  or  gravel-poor  B  horison  (<2S  cm)  and  a  gravelly  C  horiion  (usually  <35 
cm).  There  are  certain  cases  in  which  the  B  and  C  horitons  are  thicker  than  indicated  above.  B 
and  C  horisons  of  old  Reg  soils  contain  large  amounts  of  pedogenic  gypsum,  salts,  and  in  many 
cases,  CaC03.  Vf^ll  developed  Reg  surfaces  are  devoid  of  vegetation.  The  older  the  surface  the 
smoother  it  is.  Holocene  surfaces  retain  their  gravel  bar  and  swale  configuration  and  rough¬ 
ness  (Plate  5B),  wheras  surfaces  older  than  50-70,000  years  are  veneered  by  a  complete  cover  of 
mechanically  weathered  angular  gravel  of  <10  cm  in  sise,  to  form  a  smooth  desert  pavement 
(Plates  11A,B;  14A,B).  Under  such  a  pavement  there  is  usually  a  gravel-free  horison  composed 
primarily  of  dust,  gypsum  and  salts. 

Q^mmsid*  Soils 

Hammada  soils  are  gravelly  soils  develq>ed  in-titu  on  bedrock,  on  flat  or  gently  sloping  ter¬ 
rains.  The  gravel  is  usually  mixed  with  a  fine  earth  fraction  composed  mainly  of  dust,  from  an 
airborne  source;  some  fine  material  is  derived  by  weathering  of  the  local  bedrock.  The  surficial 
appearance  and  the  soil  profiles  are  very  diversified; 

1.  In  terrains  built  of  hard  brittle  bedrock  there  are  usually  blocks  of  exposed  bedrock  and 
pockets  of  soil  in-between  (Plate  14D).  The  soils  range  from  gravel  and  fines  with  poorly  de¬ 
fined  horisons,  to  pockets  of  loess  in  shallow  depressions. 

2.  On  hard  bedrock  one  may  find  old  Hammada  soils  that  resemble  old  Reg  soils  in  most 
respects:  a  desert  pavement  of  varying  degree  of  evolution  at  the  surface,  a  vesicular  A,  hor^ 
ison  underlying  the  pavement  gravel,  a  B  horison  of  varying  degree  of  dust  accretion  (some¬ 
times  gravel-free)  and  a  highly  gravelly  C  horison  merging  with  the  bedrock.  Plate  HA  illus¬ 
trates  a  very  well  developed  Qammada  soil  on  a  limestone  plateau. 

3.  In  terrains  built  of  hard  sandstone,  one  often  finds  sandstone  gravel  overlying  sand  or 
sandy  loam  as  a  typical  Hammada  soil  (Plate  14  C). 

Hammada  soils  are  usually  gypsic,  saline  or  calcic. 

Llthosols 

Llthosols  are  shallow  stony  soils  without  very  distinct  horisons,  on  weathered  or  slightly 
weathered  bedrock  and  usually  they  are  saline.  They  are,  then,  simLar  In  general  appearance 
to  some  Hammada  soils.  However,  the  term  llthosol  usually  applies  to  the  soils  that  are  found 
on  hlllslopes,  generally  over  soft  bedrock  such  as  chalk  and  marl.  In  these  cases  they  are  light 
in  color.  They  are  darker  sHiere  they  are  developed  on  hard  rocks,  such  as  limestone. 


Serosem  Soils 


Scioiem  loils  src  sridic  loili  (uiuslly  of  grey,  grey  brown  color)  that  hare  calcic,  gypiic 
and/or  laline  boriiona  at  ihallow  deptbi.  Excluded  are  sereral  soila  which  may  hare  lome 
limilar  characteriatica,  luch  ai  Reg  and  Hammada  aoila.  Under  the  Seroiem  aoil  category  one 
may  find  loeaaial  Seroiema,  atony  Seroaema,  and  calcic  Setoaema.  In  all  theae  aoila  the  amount 
of  duat  are  high,  often  aeveral  tens  of  percenta. 

Sandy  Solis 

Sandy  aoila  arc  soils  which  include  sand  as  the  major  textural  component.  Such  aoila  are 
rather  direraified,  according  to  the  pedogenic  processes  inrolred.  Hence,  one  may  define  sandy 
Solonchak  soils,  sandy  Regoaola,  sandy  loeaaial  soils,  calcic  alluxial  sands  and  others.  The  dust 
siaed  fraction  in  theae  soils  may  reach  10-30%. 

Regosola 

Regosols  are  poorly  developed  soils  derived  from  unconsolidated  parent  materials  (gravel, 
sand  and  loess).  They  are  rather  deep  and  are  typical  to  hillslopes  or  badlands.  In  deserts  there 
are  several  types  of  Regosols:  gravelly  Regosols,  on  sieve  deposits  and  other  unconsolidated 
gravelly  slopes;  sandy  Regosols,  in  sandy  terrains;  and  loessial  Regosols  on  hillslc^s  in  loes- 
aial  terrains. 

Alluvial  Soils 

Alluvial  soils  are  usually  soils  that  are  fluvially  derived  from  some  other  areas  than  where 
they  have  originally  formed.  Such  soils  are  accumulations  of  aoil  material  which  has  been 
eroded  elsewhere.  Within  this  category  one  also  finds  soils  that  have  developed  out  of  alluvial 
deposits:  the  structure  or  stratification  of  the  alluvium  is  clearly  visible  in  them,  in  spite  of 
pedogenic  horiaonation. 
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APPENDIX  fi  SOME  GENERAL  REMARKS  ON  THE  COMPOSITION, 
AMOUNTS  AND  VARIABILITY  OF  DUST 


i 


\ 


Note:  The  Appendix  emphuitei  reeultt  end  concluiioni  of  Pnrts  C  and  D  in  the  accompany¬ 
ing  report.  See  these  parti  for  additional  conclusions. 

The  Composition  of  Duet 

The  composition  of  the  dust  fraction  in  desert  soils  and  deposits  is  related  to  sereral 
soarces,  such  as  parent  material,  the  composition  of  allochtonous  —  mostly  airborne  —  dust 
and  the  nature  of  the  precipitated  salts.  The  composition  of  the  airborne  dust  is  largely  re¬ 
flected  in  the  dust  fraction  of  most  desert  soils  and  deposits.  Generally,  it  is  composed  of  -50% 
of  medium  to  coarse  silt.  Minor  amounts  of  clay  and  fine  sand  are  always  present.  However, 
addition  of  various  sise-fractions  or  differentiation  by  pedogenic  processes  may  significantly 
change  the  original  sise  distribution  according  to  location,  topography,  climate  and  age  (see 
chapter  E.l  in  the  report}.  Especially  important  is  the  contribution  of  sand  from  eolian  and 
fluvial  sources.  Soils  in  areas  close  to  actively  contributing  sandy  terrains  are  usually  sandy  to 
sandy-loam  in  texture,  whereas  the  texture  of  soils  several  tens  of  km  or  more  from  such  areas 
are  generally  silty-loam  to  silty-clay  (see  chapter  C.1  in  the  report).  The  soils  and  deposits 
which  are  largely  derived  from  distant  eolian  sources  are  usually  of  the  finest  texture. 

Figure  C.1.18  expresses  the  dust  content  in  the  various  desert  soils  and  deposits  in  the 
Negev  and  the  Sinai.  A  summary  based  on  the  data  presented  in  chapter  C.l  in  the  report,  table 
2  and  fig.  C.1.16  emj^asises  the  following  points  concerning  the  texture  of  the  various 
soils: 


1.  Loessial  soils. 

Young  loessial  soils  are  usually  silt-loam  in  nature  whereas  well  developed  loessial  soils 
have  a  texture  of  silty-clay  and  silty-clay-loam.  These  soils  are  usually  devoid  of  gravel  and 
coarse  sand.  Loessial  Serosems  are  composed  mostly  of  silt  and  clay  but  their  particle  sise 
distribution  varies  greatly.  The  amount  of  fines  (silt-f-clay)  in  loessial  soils  usually  exceeds 
50%  and  often  reaches  90%.  The  ratio  between  clay  and  silt  usually  ranges  between  0.4  and 
OA.  Generally,  these  soils  are  similar  in  texture  to  settling  atmospheric  dust. 

2.  Takyr  soils 

Young  Takyr  soils  are  silt-loam  in  texture,  whereas  vrell  developed  Takyr  soils  are  usually 
silty-clay  and  silty-clay-loam.  The  soil  is  composed  60-100%  of  dust,  including  40-60%  clay. 
The  clay /silt  ratio  is  usually  0.6-2.  As  with  loessial  soils,  they  are  similar  in  texture  to  set¬ 
tling  atmospheric  dust. 

3.  Solonehak  soils 

These  soils  —  very  poorly  developed  —  reflect  the  parent  material  in  which  they  are 
formed  —  fluvially  derived  playa  and  sabkha  deposits.  In  the  southern  Arava  Valley  and  along 
the  Gulf  of  Elat  coast  they  are  composed  of  sand,  loamy-sand  and  sandy-loam;  30-70%  sand, 
1(1-20%  silt  and  1-10%  clay.  The  clay /silt  ratio  is  usually  0.6-1.  The  amount  of  gravel  is  usu¬ 
ally  very  low  —  <6%. 
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4.  Reg  eolle 

Theie  are  tilt-loam  to  claj-loam  graYellj  toils.  In  young  —  Holocene  —  Reg  toils  the  fine 
earth  it  composed  mostly  (76-90%)  of  fractions  coarser  than  0.016mm;  The  dust  fractions  is 
usually  15-40%.  Older  Reg  soils,  in  areas  where  there  is  no  appreciable  contribution  of  eolian 
sand,  are  rather  fine  textured:  silt  —  30-80%  and  clay  —  11-25%.  60-85%  sand  in  the  toil  is 
frequently  encountered  in  areas  adjacent  to  sandy  terrains.  The  ratio  of  clay /silt  is  usually 
0-0.4. 

5.  Qainmadn  soils 

These  are  silt-loam  to  tandy-loam  gravelly  soils.  The  ratio  between  coarse  silt  and  fine 
silt+clay  decreases  with  depth.  Dust  content  in  the  fine  earth  is  40-60%  and  the  clay/silt  ratio 
ranges  between  0.1-0.6. 

6.  Lithosols  and  Serotem  soils 

Both  soil  types  are  very  diversified  in  nature.  Dust  content  in  the  fine  earth  is  usually 
60-80%;  most  of  the  remainder  is  fine  sand. 

No  good  correlation  was  found  between  the  content  of  silt  and  clay  (chapter  C.l  in  the 
report).  The  most  variable  clay /silt  ratios  in  different  dust  storms  and  rainfall  events,  as  well 
as  the  high  variability  in  wetting  events  and  the  properties  of  the  parent  material  ate  the  main 
causes  for  such  a  situation. 

The  eomposltlon  and  eoateat  of  salts  varies  in  the  different  soils.  They  are  calcic  in 
the  moderately  arid  and  semi-arid  environments  and  gypsic-salic  in  the  desert  terrains. 
Following  is  a  brief  summary  of  the  composition  and  content  of  salts  in  the  soils  of  the  Negev 
and  the  Sinai  (further  details  and  analysis  are  presented  in  chapter  C.3  in  the  report  and  table 
2> 

1.  The  least  saline  are  the  loesslal  soils  —  <0.1-0.7%  gypsum.  The  salts  are  usually  con¬ 
centrated  at  depth  <30  cm. 

2.  Tnkyr  soils  arc  saline  —  0.3-2%  salts  and  6-10%  gypsum.  In  basins  which  are  not 
completely  closed  the  soils  arc  definitely  less  saline  —  0.1-0.3%  salts  and  gypsum. 

3.  Solonchnk  soils  arc  highly  saline,  especially  In  the  Inner  playa  sones;  2-10%  gypsum 
and  0.5-8%  salts  are  frequently  encountered,  but  higher  degree  of  salinity  values  were  observed 
in  many  instances. 

4.  Reg  soils  arc  also  saline.  In  Holocene  Reg  soils  there  is  <10%  gypsum  and  <2%  salts. 
The  higher  values  arc  encountered  in  the  C  horlson.  In  older  Reg  soils  there  is  a  high  concen¬ 
tration  of  gypsum  — <20%.  Salt  content  Is  usually  <2%,  but  often  there  Is  a  petrosalic  hor¬ 
lson  at  depth  of  0.80-1.5  m  below  the  surface.  Sommada  soils  are  similar  In  salinity  to  Reg 
soils. 

5.  Lithosols  and  Scrosem  soils  are  usually  saline  —  0.1-15%  gypsum  and  0.1-1%  salts. 
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8.  The  gypaum/aalta  ratio  ia  oanally  the  higheat  In  Reg  loiU  —  <10.  In  Takjr  and 
Solonchadc  loili  the  ratio  rangea  betereen  L*1  and  4:1.  Them  ia  aome  leaching  and  waah  of  aalta 
in  grarelljr  aoila  whemaa  moat  of  the  gypanm  ia  piecipitated  and  ia  not  leached  awaj. 

Them  ia  no  cormlation  betmeen  the  amoanta  of  gypanm  and  other  aalta  or  between  aalinitjr 
and  duat  content.  The  evolution  of  aoila  under  extmmely  variable  conditiona  u  a  major  maaon 
for  thia  aituation  (aee  chapter  CJ  in  the  report). 

The  mlneralogleal  eompoaltloit  of  the  particulate  non-aaline  componenta  of  the  duat 
fraction  ia  determined  bj  the  petrogra{diic  compoaition  of  the  pamnt  materiala  in  the  aource 
amaa.  Much  of  the  duat  ia  of  mixed  aonrcea  and  haa  undergone  aeveral  or  manj  qrclea  of  weath¬ 
ering,  mobilitation,  transport  and  depoaition.  Hence,  in  manj  areai  them  ia  onlj  a  partial 
effect  of  the  compoaition  of  the  local  bedrock  on  the  composition  of  dust.  Most  of  the  silt  in 
the  Negev  and  the  Sinai  ia  composed  of  quarts,  calcite,  feldspar  and  dolomite.  The  claj  frac¬ 
tion  ia  dominated  bj  montmorillonite,  with  secondary  amounts  of  kaolinite,  illite  and  quarts 
(aee  chapter  C.2  in  the  report).  Similar  composition  prevails  over  muck  of  the  Middle  East  —  a 
mgion  largely  effected  by  Saharan  duat  (see  part  B  in  the  report). 

Only  limited  expoanma  show  a  definite  compositional  evidence  of  past  environments,  dif- 
femnt  from  the  pmaent;  for  example,  fossil  kaolinitic  Terra  Rosaa  ia  found  in  certain  amaa  of 
the  arid  central  Negev  (see  chapter  E.1  in  the  report  for  elaboration). 

The  Amounts  Of  Duat  In  Different  Desert  Terrains 

The  environmental  factors  that  determine  the  amounts  and  natum  of  the  duat  in  desert 
aoila  and  d^oaita  am  described  in  detaile  in  chatter  E.1  in  the  report.  Generally  they  am:  1. 
The  natum  and  proximity  of  the  source  amaa;  2.  Climate;  3.  Location;  4.  Topogr^y;  5. 
Aspect;  8.  Surface  roughness;  7.  \%getation;  8.  Hydraulic  characteriitics  of  the  material  near 
the  surface  -  pamnt  materiaL  According  to  the  amounts  of  duat  imported  into  an  ama,  the 
quantities  of  settling  duat  and  surficial  pn^erties,  one  may  grade  the  general  terrain  types  and 
the  aoila  with  mapect  to  their  dust  content,  from  the  richest  to  the  poorest: 

1.  Loesslsl  terrains  —  composed  mostly  of  eolian  and  reworked  silt,  clay  and  fine  sand. 
Such  terrains  am  rich  in  duat  due  to  a  combination  of  their  location  with  mapect  to  the  sources 
of  dust,  the  atmospheric  circulation  and  the  climate  —  moderately  arid  to  aeml-arid  —  that 
lead  to  a  high  rate  of  duat  settlement  and  a  most  efiBcient  dust-trapping  vegetation.  Thick  man¬ 
tles  of  dust-rich  deposits  am  typical  to  these  terrains. 

2.  Plnyn  centers  —  amaa  whem  duat-aiied  materiala  accumulate  through  fluvial  wash, 
diffemntial  transport  and  sorting.  Tnkyr  soils,  which  am  composed  mostly  of  silt  and  clay 
am  derived  from  these  deposits;  eolian  dust  is  added  to  the  surface  especially  during  periods  of 
episodic  ponding  or  wetting. 

3.  Gravelly  terrains  serve  as  eflScient  traps  for  dust  due  to  their  high  surficial  roughness 
and  porosity.  Reg  soils  am  soils  with  variable  amounts  of  dust;  the  most  developed  am  soils 
on  Pleistocene  coarse-alluvial  surfacess.  These  usually  Include  rather  thick  (5-30cm)  gravel 
fme  Ay-B  horisons.  The  C  horlson  Is  a  gravel-rich  layer  with  variable  amounts  of  dust-slsed 
fractions.  Old  Hammada  soils  am  of  similar  nature.  In  certain  cases  the  rate  of  dust  accu¬ 
mulation  may  be  especially  high. 


4.  Stable  aandy  terrain*  are  good  trap*  for  lettling  dust.  Sandy-loam  and  loam  texturei 
derelop  on  lueli  anrfacea. 

5.  Other  terrain  types,  *ncb  as  hillslopes  with  Lithosols  on  them,  carry  varying 
amounts  of  dust. 

Table  2  and  figures  C.1.10  and  C.1.17  should  be  consulted  for  further  information. 


The  Thickness  Of  The  Dust-Rich  Surficlal  Mantle 

Since  most  of  the  dust  in  desert  soils  and  snrficial  deposits  was  derived  from  the  atmo¬ 
sphere,  and  was  emplaced  by  pedogenic  processes,  there  is  a  general  tendency  of  high  dust  con¬ 
centration  to  be  near  the  surface  and  a  lowering  of  the  dust  content  with  depth.  However,  there 
are  terrains  in  which  the  accumulation  of  dust  is  continuous  and  the  thickness  of  the  dust-rich 
layer  is  considerable.  Such  are  the  cases  of  loesslal  terrains  and  Takyr  soils,  which  may 
reach  thickness  of  many  meters  of  continuous  silt  and  clay  deposits  and  paleosols.  In  sand 
dune  terrains  there  is  sometimes  a  situation  in  which  eolian  sand  and  dust  are  added  in  low 
rates  to  a  stabilised  sand  surface.  The  result  is  usually  a  thick  layer  of  sandy-Ioam  or  loam.  In 
Solonehak  soils,  being  soils  of  poor  pedologic  development  in  playas  and  sabkhas,  there  is 
also  a  significant  element  of  accumulation.  Under  the  rather  shallow  soils  that  are  often  en¬ 
countered,  similar  such  paleosols  may  be  buried.  The  thickness  data  that  are  presented  in 
column  4-5  of  table  2  for  the  above  mentioned  soils  represent  only  the  characteristic  soil  pro¬ 
file  exposed  at  the  surface  in  the  Negev  and  the  Sinai.  Buried  deposits  and  paleosols  of  similar 
nature  should  be  considered. 

Soils  and  deposits  of  non-cnmulic  nature  present  thickness  according  to  their  environmen¬ 
tal  conditions,  such  as  climate  —  past  and  present,  parent  material,  location  and  t<^gr^>hy. 
As  a  general  rule,  the  more  arid  the  environment,  the  more  shallow  is  the  soil.  In  site*  under 
extremly  arid  climates  and/or  of  fiat  topography  or  in  the  upper  part*  of  hillslopes,  there  is  a 
low  concentration  of  water  and  the  penetration  of  dust  and  salts  is  rather  shallow.  Holocene 
Reg  soils  and  young  SLammada  soils  in  the  Negev  and  the  Sinai  are  rather  shallow  — 
<50cm  —  since  they  have  developed  under  arid  to  extremely  arid  conditions  on  flat  to  gently 
sloping  geomorphic  sarfacea  Old  (latermost  Tertiary  to  late  Pleistocene)  gravelly  soils 
on  such  surfaces  are  thicker  and  often  attain  depths  of  140cm.  Such  soils  have  been  during  a 
part  of  their  evolution  under  a  moderately  arid  or  a  slightly  wetter  climate;  the  penetration  of 
water,  dust  and  salts  has  been  deeper.  Colluvial  soils  on  foot-slopes  and  toeslopes  may 
also  be  thicker  than  the  soils  on  the  upper  part*  of  the  hillslopes,  due  to  both  cumulic  nature 
and  the  concentration  of  water  from  the  backslc^e  areas. 


On  The  Variability  In  Tbs  Amounts  And  Composition  Of  Dust  In  Desert  Soils 

The  data  in  Table  3  present  a  rather  high  degree  of  variability  in  dust  and  salts  content,  com¬ 
position  and  thlcknee*.  The  variability  1*  reflected  In  four  levels:  (a)  Between  soil  types,  (b) 
Within  a  gives  soil  type,  (c)  Between  soli  horlson*  In  a  given  soil  type,  (d)  In  any  particular 
soil  horlson  In  a  given  soil  type. 

Several  topics  are  of  Interest  Is  this  respect;  (a)  The  thickness  of  the  soil  profile*  and  soil  hor- 
isons.  (b)  The  proportion  between  gravel  and  fine  earth  materials  (sand,  silt  and  clay),  (c)  The 
content  of  dust  (silt  and  clay)  within  the  fine  earth,  (d)  The  content,  composition  and  dlstribu- 
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tion  of  lalt  and  gypinm  in  the  loil. 

There  are  many  factori  which  canae  the  obeerTed  degree!  of  Tariability  in  the  toil  characterii- 
tic!.  Theie  factor!  are  diecaeeed  below;  they  have  to  be  eralnated  in  conjunction  with  the  data 
of  Table  2  (eee  elaboration  in  chapter  E.1  in  the  report): 

(a)  Local  parent  material  etrongly  affecti  eoil  nature  in  deaerta.  Two  main  aoil  groupa  may 
be  defined:  (l)  Grarelly  aoila  which  derelop  in>aitu  within  weathered  hard  rocka  (tiammada 
aoila)  and  coarae  grarelly  depoaita  (Reg  aoila).  (2)  Non-grarelly  aoila  which  develop  on  fine 
grained  depoaita  (loeaaial  aoila,  Takyr  aoila,  aandy  aoila)  and  fine  grained  friable  rocka  (Litho- 
aola).  Poroaity,  permeability  and  trap  efificieney  are  greatly  affected  by  the  texture  and  atrnc- 
ture  of  the  parent  material. 

(b)  Introduction  of  added  —  secondary  —  materials:  dust,  sand  and  salts.  Addition 
of  autigenic  materials  into  receptive  parent  materials  or  a  trapping  surface  is  dominant  in  the 
evolution  of  desert  aoila.  Three  aspects  are  significant  in  causing  a  high  degree  of  variability  in 
the  nature  of  desert  aoila:  (1)  The  composition  of  the  introduced  materials.  One  example  is  the 
change  in  the  texture  of  loeaaial  soils  —  aandy  proximal  to  the  provenance  of  sand  (as  in  the 
wearern  Negev;  g  in  fig  C.1.1A)  and  loamy,  silty  or  clayey  distal  (and  downwind)  to  sources  of 
sand  (c,  d  in  fig.  C.1.1A).  (2)  Mode  and  rate  of  introduction.  This  is  affected  by  the  poroaity  and 
permeability  of  the  receptive  parent  materials  and  by  the  method  of  introduction  —  wet  (by 
rain  or  wash)  or  dry  (from  windborne  dust).  The  amounts  and  composition  of  the  introduced 
materials  vary  greatly  due  to  changes  in  the  proportional  activity  of  different  processes. 
Widely  open  textured  sieve  deposits  absorb  dust  in  dry  and  wet  modes  to  great  depths,  whereas 
coarse  alluvium  with  sand  is  less  penetrable.  Dust  accretion  in  gravelly  environments  in 
deserts  is  usually  subsurface  whereas  high  rates  of  surficial  accumulation  are  typical  to  loes> 
sial  terrains  in  less  arid  environments  and  playa  surfaces. 

(c)  The  effects  of  location  and  topography.  As  in  parent  material,  local  changes  in  micro- 
topograidiy  are  most  frequent  in  desert  terrains.  Their  effects  on  the  local  hydrologic  regime 
and  trap  efllciency  for  dust  and  salts  are  pronounced.  They  lead  to  high  variability  in  dust  and 
salt  content  and  composition.  One  example  of  the  variation  is  the  dust  content  and  salinity  of 
Reg  soils  developed  on  coarse  gravelly  bars  versus  finer  grained  swales.  The  effects  of  such 
initial  local  features  are  observed  In  soils  several  10’  to  few  10’  years  of  age. 

The  effects  of  the  aspect  are  readily  observed  in  some  soil  types.  Among  those  are  the  loessial 
soils,  Serosem  soils  and  Llthosols.  The  variation  between  differently  exposed  soils  is  expressed 
in  soil  depth,  thickness  of  soil  horisons,  particle  sise  distribution  and  salinity.  An  example  is 
the  thin  loessial  Serosem  soils  on  south>faclng  hlllslopes  versus  thicker,  less  saline  loessial 
soils  on  north'facing  hillslopes  in  the  northern  Negev  (Plate  2D);  the  diffeKnce  depends  on 
both  moisture  regimes  and  vegetative  cover  on  the  respective  hillslopes. 

Some  systematic  variations  in  soil  properties  are  found  on  certain  landforms;  sonation  and 
catenary  changes  arc  observed.  For  example,  there  is  a  systematic  variation  in  salinity  in  grav¬ 
elly  soils  on  talus  slopes  from  the  upptr  to  the  lower  slope  components  (table  C.3.1  in  the 
report).  In  playas  there  is  a  definite  sonation  with  respect  to  particle  sise  and  salinity  from  the 
margins  towards  the  center  (Plate  SB,  figures  C.1.3,C.3.1). 

A  major  factor  effecting  the  variability  may  be  the  proximity  of  a  site  to  a  certain  source  area 
for  introduced  materials  -  sand  fields,  sandstones,  salt  fiats,  etc. 
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(d)  Climatic  regimes  and  their  changes.  The  effect  of  climate  on  the  soil  and  dq>osits  in 
the  atidie  enTironment  is  illutrated  bj  the  proportion  of  dust  and  coarser  materials  in  the 
soils  in  the  Neger  (fig.  Loessial  soils  in  the  semUarid  northern  Neger;  Hammada 

and  Reg  soils  in  the  arid  -  eztremclj  arid  central  and  southern  Neger.  The  proportion  between 
dost  and  grarel  generally  changes  from  the  less  arid  northern  Neger  to  the  extremely  arid 
southern  Neger  and  eastern  Sinai. 

Climate  is  well  expressed  in  soil  salinity.  An  example  is  the  degree  of  salinity  and  its  distri¬ 
bution  in  loessial  soils  of  the  Neger  (fig.  (X3.1^):  the  more  arid  the  enrironment,  the  higher  is 
the  salinity  and  shallower  arc  the  saline  horisona 

Most  Holocene  and  older  soils  hare  dereloped  under  an  erer-changing  climate;  they  are  po- 
lygenetic  in  nature.  Paleotols  and  paleosolic  horisons  are  widespread  and  are  certainly  a  ma¬ 
jor  source  of  soil  rariahility.  The  loessial  soils  of  the  northwestern  Neger  exhibit  a  sequence 
of  paleosols  in  their  cnmmnlatire  section.  F!g.  C.1.15  illustrates  the  effects  of  fluctuating  cli¬ 
mate  while  loess  was  accumulating.  The  different  climatic  regimes  are  reflected  by  the  change 
in  soil  texture  as  well  as  by  the  GaCOg  content. 

Most  Reg  soils  on  Pleistocene  allnrial  surfaces  are  relict  paleosols,  dereloped  under  fluctuating 
climatic  regimes.  Many  of  these  soils  hare  undergone  enrironmental  changes  which  include 
climates  wetter  than  at  present.  The  effects  of  these  wetter  regimes  is  expressed  in  both  the 
thickness  of  the  soil  profiles  (<1.4  m)  and  the  relatire  abundance  of  fines. 

(a)  Age  —  the  effeet  of  time.  The  rate  of  erolution  of  some  soil  properties  changes  and 
usually  decreases  with  time.  Among  the  properties  here  examined  are  relatire  amounts  of  dust 
and  salts  in  the  fine  earth  fractions  of  the  soil.  Figures  C.1.6,8  in  the  report  and  C.3.0  illustrate 
sereral  general  trends  for  the  example  of  Reg  soils:  (1)  There  is  a  general  decrease  in  the  per¬ 
cent  of  dust  after  sereral  10^  years.  (2)  There  is  a  rery  high  rariahility  in  the  content  of  dust  in 
soil  on  any  giren  pedomorphie  surface.  (3)  There  is  a  general  increase  in  the  rate  after  sereral 
10*  years.  (4)  There  is  a  rery  high  rarisbllity  in  the  content  of  salts  in  the  soils  on  any 
pedomorphie  surface. 


APPENDIX  B  GROUND  COVER  —  TYPES  AND  OCCURRENCE 


Soili  and  turficical  depoiiti  in  deierts  are  often  mantled  by  lome  crust  —  a  well  defined  lurfi- 
cial  borison,  different  in  its  texture  and  atructure  from  the  underlying  material.  In  many  cases, 
the  surficial  horison  is  more  c<dkesiTe,  durable  and  eroaion-resistant  than  the  underlying  horiaon. 
Thia  ia  more  often  the  caae  in  aoils  than  in  other  surficial  deposites.  In  other  instances,  some 
indurated  horison  was  introduced  at  the  surface  by  erosion  of  overlying  softer  layer.  The  surficial 
crusts  vary  in  their  composition,  structure,  thickness  and  degree  of  induration.  Still,  some  major 
types  should  be  presented: 

1.  Loess  Crusts 

Loess  crusts  are  thin  crusts  (2-3mm),  usually  of  loam-silt-loam  texture  (Plate  15C).  They  are 
widely  spread  on  loessial  deposits  and  between  surfuce  rocks  in  Reg  soils  on  alluvial  and  talus 
surfaces.  Loess  crusts  are  composed  mostly  of  silt  and  clay,  densly  packed  and  unaggregated. 
They  are  formed  by  two  groups  of  processes:  (a)  Mechanical  dispersion  and  deposition  by  rain¬ 
drops  impact  and  surficial  runoff,  (b)  Chemical  dispersion,  washing-in  and  accumulated  of  clays. 

2.  Biogenic  Crusts 

Lichen,  algal  and  mosses  often  form  a  surficial  layer  over  fine  grained  soils  and  debris.  The 
resulting  crusts  protect  the  underlying  profile  from  the  impact  of  raindrops  and  erosion  by  runoff 
and  winds.  Dust  is  usually  trapped  by  lichen  colonies  and  mosses  and  between  them.  The  result¬ 
ing  crusts,  composed  of  dust,  plants  and  precipitated  salts  are  of  variable  thickness:  In  the  vicini¬ 
ty  of  Jerico  (-100  mm/ycar  of  mean  precipitation)  a  <  20  cm  thick  crust  has  developed  during  a 
period  of  several  thousand  years  over  chalks  nnd  marls  of  the  late  Pleistocene  Lisan  Forma¬ 
tion.  Near  Massada,  some  50km  to  the  south  (-60  mm/year  of  mean  precipitation)  the  crust  is 
only  a  few  mm  thick. 

3.  Crusts  on  Playa/Sabkhs  Surfaces 

Surficial  layers  of  playa  surfaces  are  diversified.  Three  main  types  are  apparent: 

(a)  Clayey  crust.  These  crust,  composed  of  40-75%  clay  appear  in  playa  centers 
which  are  covered  aceasionally  by  flood  water.  The  coarser  fractions  are  deposited  behind, 
in  the  playa  margins  (see  Part  D  ia  the  report).  Fine  airborne  dust  is  added  to  the  surface 
while  it  is  wet.  In  these  playas  there  is  no  permanent  shallow  water  table  and  the  surface 
is  dry  for  long  periods  of  time.  Salts  in  large  amounts  are  not  added  and  in  fact  they  are 
leached  by  percolating  floodwater.  The  crusts  are  hard,  smooth  and  devoid  of  vegetation, 
overlaying  Takyr  soils. 

(b)  Salt  Crusts  are  typical  to  playas  and  sabkhas  where  high  groundwater  level  is 
discharging  water  to  the  surface  repeatedly  or  continuously.  The  salts  precipitated  upon 
evaporation  are  mostly  chlorids,  sulphates  and  some  carbonates.  Crusts  of  variable  thick¬ 
ness  are  formed  (Plate  3D).  The  surface  is  usually  rough,  composed  of  small  crests  and 
troughs,  polygons  of  various  sises  and  small  solution  pits.  During  long  periods  of  time 
the  soil  (Solonchak)  is  wet  and  soft  at  the  surface. 

(c)  Soft  puffy  surfaces  are  frequently  encountered  in  playas  where  rapid  capillary 
rise  of  water  is  derived  from  a  very  shallow  water  table.  The  micro-topography  of  such 
surfaces  may  attain  15  cm  (Plate  SC,D).  High  salt  content  and  rather  large  particles  sises 
—  sand  and  silt  (very  little  clay)  are  typical.  The  surfaces  Is  wet  periodically.  Shallow 
water  Inundation  occurs  occasionally;  and  dissolution  of  salts  and  smoothing  of  the  sur- 


face  take  place,  only  to  become  rougher  again  upon  drying. 

4.  Surficlal  Gravel 

Gravel,  cobbles,  atonei,  etc.,  appear  on  many  landforms  developed  from  bard  brittle 
bedrock:  stream  channels,  alluvial  fans,  alluvial  flood  plains,  rocky  plateaus,  billslopes 
(Plates  5,8,14).  Rock  blocks  of  various  sises  are  exposed  by  erosion  of  billslopes  and  carried 
do-wnstream.  The  sise  of  the  gravel  is  governed  by  several  factors:  joint  spacing,  breakdown 
^  and  attrition  during  periods  of  movement,  sorting  during  periods  of  transportation  and 

weathering  duri.>g  periods  of  rest.  The  general  tnnds  are  described  in  Part  D  and  figures 
t  D.2a>d  in  the  ic>ort.  It  is  during  the  period  of  long  rest  that  dust  is  added  to  the  gravel, 

through  weathering  and  introduction  of  airborne  materials:  Reg  soils,  Hammada  soils  and 
Lithosols  are  common  results  of  the  movment  of  water,  and  deposition  of  dust  and  salts  whi- 
tin  the  gravelly  debris  mantle. 

5.  Deaert  Pavement 

Desert  pavement  is  a  gravelly  surficial  cover  of  >  40%,  overlying  a  fine  soil  horison.  It  is 
usually  composed  of  coarse  fluviatile  gravel,  partly  or  completely  shattered  by  mechanical  weath¬ 
ering.  The  resulting  gravel  is  often  1-7  cm  in  median  diameter;  it  is  stable  in  place,  lying  flat, 
short  axis  vertical  (plate  5B1;  llA;  14B).  Desert  pavement  is  characteristic  to  gently  sloping 
coarse-alluvial  plains  that  are  not  fluvially  active,  Qammadas  on  rocky  flats  and  talus  slopes  of 
medium  and  gentle  gradients.  The  gravel  may  be  varnished  or  pited  on  the  upper  side. 

Several  processes  are  Involved  in  desert  pavement  evnloation:  (a)  Mechanical  weathering  of 
origional  gravel;  (b)  V^nnowing  and  washing  away  of  fine  particles  (<  2mm)  by  wind,  runoff  and 

*  percolation;  (c)  Migration  of  gravel  towards  the  surface;  (d)  Downward  movement  of  dust  intro¬ 
duced  by  wind  and  rain  —  fine  sand,  silt,  clay.  With  time,  a  thin  (0.$-6.0  cm)  loamy  vesicular 
horison  develops  underneath  the  gravel  and  between  the  discrete  rocks.  In  the  latter  cases  it  is 
covered  by  »  thin  loess  crust.  During  several  tens  of  thoosaads  of  years  a  gravel-free  B  horison 
may  develop  under  the  vesicular  layer. 

The  coarse  of  evolution  of  desert  pavement  on  alluvial  surfaces  is  as  follows:  (a)  At  an  early 
stage  there  is  usually  a  near  complete  cover  (76-95%)  of  the  surface  by  fluviatile  gravel  and  some 
fines.  At  this  stage  there  is  a  gravel-bar  and  swale  topography  at  the  surface,  (b)  During  a  later 
stage  there  is  a  slow  obliteration  of  the  gravel  bars  by  the  mechanical  weathering  of  the  surficial 
gravel,  trapping  of  airborne  dust  underneath  and  between  the  surficial  gravel  and  evolution  of  Reg 
soils  (liammada  soils  may  develop  In  a  similar  manner).  Figure  C.1.9  illustrates  the  change  of 
pavement  cover  with  time  on  a  Holocene  sequence  of  alluvial  surfaces,  (c)  Several  10^  years  elapse 
until  the  surface  is  composed  mostly  (>85%)  of  secondary  (mechanically  weathered)  angular 
gravel  and  the  differences  In  elevation  between  bars  and  swales  (being  originally  20-60  cm)  are 
completely  eliminated.  The  conditions  that  determine  the  rate  of  this  process  are  the  sise  of  the 
original  gravel  and  surficial  features,  the  ability  of  water  to  penetrate  the  individual  rocks  and 
the  amount  of  salts  available  for  the  mechanical  weathering  process.  A  smooth  surface  of  desert 

*  pavement  on  alluvial  surfaces  composed  originally  of  small  cobbles  and  pebbles,  indicates  an  age 
of  more  than  13,000  years  and  In  most  cases  more  than  80,000  years,  (d)  After  several  10^  years, 

t  when  the  soil  profile  Is  highly  plugged  with  fine  silt,  clay  and  salts,  there  usually  occur  stripping 

and  erosion  of  the  Reg  soil  and  some  chemical  crust,  composed  of  gypsum,  salts  or  calcium  car¬ 
bonate  may  be  exposed  at  the  surface. 
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